1. C. 6776 Apri 1934 


——— 


UNITED STATES BUREAU OF MINES 
= Scott Turner, Director | 


INFORMATION CIRCULAR 


LEAD AND ZINC MINING AND MILLING IN THE UNITED STATES 


CURRENT PRACTICES AND COSTS 


(ABSTRACT) 


FROM AN UNPUBLISHED BULLETIN MANUSCRIPT 


BY 


CHAS. F. JACKSON, JOHN B. KNAEBEL, AND C. A. WRIGHT 


(asstRACTED BY CHAS. F. JACKSON ) 


» Google 


I.C. 6776, 
April, 1934. 


INFCRVATION CIRCULAB 


LEAD AND ZINC : MINING AND MILLING IN THE UNITED STATES 
_CURRENT PRACTICES AND CosTS? 
| (Abstract) - | 
(Frow an unpuphrenes bulletin sei a 


By Chas. F. gectsons John B. caees and C. A. Wright 4 
(Abstracted by Chas. F. Jackson) 


INTRODUCTION... 


This circular is an abstract of a manuscript completed in August 1932; ‘which cannot be 
published in its entirety due to lack of printing funds. It was originally planned to pub- 
lish the manuscript as one. of @ series of bulletins pia with the ee and milling of 
ores of the principal metals. ne 

Because of. the..common association. of lead and zinc minerals in many ore deposits, and 
because a considerable proportion of the zine produced in this country is obtained as a by- 
product of lead mining or vice versa, it seemed necessary ‘to treat the mining and milling of 
lead and zinc ores in the same volune. 


» Object and Scope of Paper 


This paper was written to combine in a-single volume a discussion of the modes of oc- 
currence of lead and zinc ores. and the methods and costs of mining and ating, these ores, 
with descriptions of typical mining and milling practices in the United States. 


Production 


Statistics on lead® and zinc® production of the world. and of the United States have 
been compiled for 1801 to 1927, inclusive, and show the trend in production rates and changes 
in the distribution of production here and abroad. Total domestic production of refined lead 
varied but little during 1925, 1926, and 1927 and averaged 688,815 short tons per year. 
Domestic production of primary zinc during the. same period averaged 594,628 short tons per 
year. 


: : ahal * * ry “s 7 vee a . 7 . e . . - 
1 The Bureau of Mines will welcome reprinting of this paper, provided the following footnote acknowledgment is used: 


"Reprinted frow U.S. Bureau of Mines Information Circular 6776." 
2 Principal mining engineer, U.S. Bureau of Mines. 
3 Assistant pining engineer, U.S. Bureau of Mines. 
4 One of the consulting engineers, U.S. Bureau of Mines. 
) Smith, Lewis A., Summarized Data of-Lead Production: Econ. Paper 5, Bureau of Mines, 1929, 44 Pp. 
6 Pebrson, Eluer ¥., Summarized Data of Zine Production: Eoon. Paper 2, Bureau of Mines, 1929, 47 pp. 
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The present paper deals principally with methods and costs of mining and milling lead 
and Zinc ores, and in this connection the tonnage of ore mined and milled is more pertinent 
than the amount of metal produced. In 1929, 161 lead and zinc mines in the United States 
having individual outputs valued at $100,000 or more produced 21,298,748 tons of ore yield- 
ing an average of 91.3 pounds of combined lead and zinc per ton. In 1950, 19,360,710 tons 
of lead and zinc ore were won from 160 mines producing more than 1,000 tons each. 

From the data available it was not possible always to determine definitely whether lead 
Or Zinc predominated at a given mine; in a few instances, the precious metals may have con- 
tributed greater returns than the lead and zinc. Table 1 gives the production of crude ore 
by regions in 1930, the classification as between lead, zinc, and lead-zinc ores being -ased 
upon the most reliable information available as to the predominating metal at each property 
included in the summarized figures. 


TABLE 1.— Crude ore mined, in 193) by regions, tons 


Region |Lead ore |Zinc ore |Lead-zine ore|__ Total 
Rocky Mountain States, | | | | 
California, and | | | 
Washington... |1,166,451| 339,754| 2,567,336 | 4,073,541 
Central States... [6,735,102|1,307,125| 5,101,317 |13,143,544 
Eastern States................ lca Sscteeseonete | 907,265| 1,236,362 | 2,143,625 
: | | a er 
TOUS LS siariou jet, casi, |7,901,553 |2,554,142| 8,905,015 [19,360,710 
PARTI 


GEOLOGY OF LEAD AND ZINC DEPOSITS 


Methods and costs of mining and milling are influenced by the geology and mineralogy of 
the ore deposits. For the purposes of this paper the discussion of geology of lead and zinc 
deposits is limited to those features which affect mining and milling problems. 


Types.of Denosits 


The principal Sources of lead and 2ine ore in the United States are in deposits of the 
following types: 

1. Deposits in flat beds of limestone, dolomite, or chert; typified by the 
deposits of the Tri-State and Southeastern Missouri districts. The greatest pro— 
duction in the United States, in terms of tons of crude ore, comes from deposits 
of this type. 

2. Tabular deposits, in the form of fissure veins or occupying fault or 
shear zones, dipping at various angles, typified by the deposits of the Coeur d' 
Alene district of Idaho, some of the Utah deposits, and others in the Rocky Moun-— 
tain States. 

3. Replacement deposits, usually in carbonate rocks and genetically related 
to igneous activity. The ores of the Leadville, Tintic, Park City, and Edwards 
(N.Y.) districts are well-known examples of this type. 

4. Denrosits due to igneous metamorphism, usually remote from contacts. The 
kest known examples of this type in the United States are the deposits of Nazda— 
lena, N. Mex., and the Franklin and Sterling Hill ore bodies in New Jersey. 
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Mineralogy of Zinc and Lead Deposits 


The commonest and most important minerals of lead and Zine are the sulphides, galena 
and sphalerite, and the bulk of the production is derived from sulphide ores. The carbon— 
ates, however, are important ores in some districts. <4 a 

In a few districts the mineralization is simple; thus, in the Southeastern Missouri 
district the lead ores are in generai- composed - -of galena in a nonmetallic gangue, with almost 
no silver and little zinc except locally. On the other hand, the deposits of Hpeece be Tenn., 
and: of Edwards, New York, are mined for zinc and contain little lead. 3 | 

-More often, however, the lead and zinc minerals are Closely associated in primary ores. 
Silver is present in most of the western ores, and many of them also contain varying amounts 
of copper, iron, and gold, and sometimes vanadium, molybdenum, nickel, cobalt, arsenic and 
antimony. Some of these ores are worked protaree’ on because nee contain Sppregzebie 
‘amounts of silver. ; “a | 


Character of Outcrops 


The character of the outcrops -of the- ore deposits is determined largely by the relative 
susceptibility of the ore and the enclosing rocks to weathering and erosion, the climate and 
topography, the shape, size, and dip of the deposit, and the visual appearance of the min=- 
erals in the ore after they have been altered by oxidation and weathering. If the ore con- 
tains-a quartz gangue and occurs-in limestone or some other easily eroded rock the outcrop 
is.apt to stand out prominently. If the primary: ore contains much pyrite, in addition to 
quartz, the outcrop often will consist of a conspicuous mass of honeycombed quartz stained 
with yellow or brown limonite. que ee WN” Meee ee pe ee Wea ee Sy SOS Bee 

In districts like those of Missouri and Wisconsin, where the ore occurs in flat beds, 
there may be no outcrops whatever, .or they .may.be inconspicuous. Zinc sulphide alters read- 
ily to sulphate and relatively speaking is easily dissolved by surface waters, and although 
in ‘some deposits (such as.those of Leadville, Colo.; Tintic, Utah; and Cerro Gordo, Calif.) 
important oxidized zine ores occurred at surface, zinc ore is more often confined to the 
sulphide zone... Galena is one of-the most inert of the common sulphides and frequently is 
found. at or near the surface... In some-deposits where lead predominates near the surface 
zinc is found to predominate at depth. The bulletin manuscript discusses the changes in lead 
and zinc deposits near the surface, in the oxidized zone, and below water level. 7 


- + . « Localization of 0 hoot 
.'.- In many districts it has been found that: the ore shoots are largely confined to certain 
favorable beds and are low grade or lacking in others; when such a phenomenon has been 
clearly established, it assists greatly in the prospecting, development, and mining of the 
ore. Structural features, -such as faults, -breccia and shear-zones, contacts, intersections 


of fissures with other fissures or with certain formations, and folds, often influence the 
formation of ore shoots. ae tee 


MINING DISTRICTS 


southeastern Missouri 


“The ores occur in flatelying sedimentary rocks, chiefly in the Bonneterre limestone, 
which is 160 to 200 feet thick. . Galena is the principal ore mineral, although in a few 
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places there is enough sphalerite to make it profitable to produce both lead and Zine con-— 
centrates. The galena occurs principally disseminated through the limestone and shaly beds 
in horizontal sheets along bedding planes. Some of the ore bodies are 700 or 800 feet wide 
by over 1,200 feet long and range from a few feet to over 200 in thickness. The ores are 
low grade and yield on the average about 5.5 percent metallic lead, though locally they may 
be much richer. 


Tri-State District 


The deposits are found in the Boone formation, believed to have been originally a lime= 
stone but now made up of flatelying beds of limestone, dolomite, chert, nodule beds, and 
one or more oolite beds. The deposits are related to structural features and occur in zones 
of shearing, shattering, and brecciation. They lie at shallow depths; the bottom seldom is 
more than 350 feet below the surface. From 1917 to 1929, inclusive, 6,504,369 tons of zinc 
concentrates and 1,221,823 tons of lead concentrates were obtained from 117,401,257 tons of 
mine rock. The average indicated recovery was 3.32 percent metallic zinc and 0.624 percent 
metallic lead, and the average metallic zinc content of the crude ore was about 4.352 percent. 


Eastern Tennessee District 


The ore occurs in dolomite beds which dip at about 18 to 22°. The ore mineral is sphal- 
erite, which occurs in large part as veinlets and seams with seconcary dolomite. The ore 
bodies are large in area and commonly range from a few feet to 50 or more in thickness and 
in places are 150 feet thick. The ore is low grade, and in 1929 the mine output averaged 
2.90 percent zinc. The sphalerite is of exceptional purity, and practically no pyrite or 
other metallic mineral is associated with it. 


Coeur d'Alene District 


The rocks of the district consist of pre-Cambrian sediments, largely quartzites, shales, 
and some calcareous beds into which monzonite and syenite have been intruded in the form of 
irregular masses, dikes, and sheets. The formations have been intensely folded and faulted. 
The principal ore bodies are fissure veins or lodes formed largely by replacement of the 
brecciated and sheared country rock in fissures and sheeted Zones in quartzite. Mineralogic— 
ally, the ores consist of argentiferous galena, sphalerite, and pyrite with chalcopyrite in 
small but variable amounts, in a gangue of siderite and quartz. The ore shoots are charac= 
teristically persistent to great depths, and many are very large. The main ore zone at the 
Morning mine is 1,500 to 2,000 feet long, is practically continuous for 5,000 feet below 
the outcrop, and is 6 to 30 feet wice. The Bunker Hill ore bodies occur mainly as wide, 
irregular masses within a sheared area 1,000 feet wide by 6,000 feet long, dipping at 40 to 
50°. At most of the mines the grade of the ore varies between the following limits: Lead, 
5.5 to ll percent; Zinc, 1 to 12.5 percent; silver, 1.0 to 20.0 ounces per ton. 


Park City, Utah 


The ores are found chiefly in the Wasatch limestone, Weber quartzite, Park City lime— 
stone, and the limestones, sandstones and shales of the Thaynes formation. These sediments 
have been intruded by diorite and diorite porphyry, to which the ores are genetically re— 
lated. The rocks have been uplifted and subjected to considerable folding and faulting. 

The ore bodies are of two general types. The fissure type, found principally in quart— 
zite, is characterized by widths of 3 to 80 feet and dips of 40 to 55°; and the beddec— 
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‘replacement type, whioh provides 95: percent of the ore at the Silver King Coalition mines. 
Some of the Silver King ore bodies have been followed on the strike for more than 10,000 
‘feet without notable change in size or grade. The principal ore minerals at Park City are 
‘galene, pyrite, blende,: and tetrahedrite in a gangue of quartz, chert, calcite, fluorite, 
rhodochrosite, and country -rock. 


Tintic, Utah ~'"' 


At the Tintic Standard mine the major. ore- bodies are in limestone at or near the con- 
tact with faulted faces of quartzite. Individual ore bodies adjacent to the fault faces dip 
‘from 45 to 90°, and those distant from the fault faces are tabular replacements of flat—lying 
limestone beds. The-tabular ore bodies are 6 to 200 feet high. The principal revenue from 
the mine is from lead-silver ores with a quartz—barite gangue. Occurring with lead-silver 
oe a siliceous ore containing about 4.85 percent lead, 0.36 percent cop- 
per, 17.24 ounces silver, 0.037 ounce gold, 66.96 percent silica, and 11.50 pércent iron. 
The lead ore shipments have averaged: 25.04 percent lead, 0.31 percent copper, oO 29 ounces 
meer = 039 ounce gone 49.03 percent silica, and 7.18 percent. iron. 


Butte ontan 


Copper, with some silver and a little gold, is found-in the central part of the Butte 
district. The country rock is a quartz—monzonite variant of the Boulder batholith, cut by 
granite porphyry and aplite dikes. Bordering the central zone is a belt of more complex ore 
in which silver increases and sphalerite is found. Below the leached gossan there is usually 
a-zone of silver enrichment, and below the water: level the zinc content increases until, at 
depth, mines originally worked for silver have become primarily zinc producers. The prin- 
cipal minerals of the deposits, which occur in the form of veins, are quartz, pyrite, rhodo= 
nite, sphalerite, galena,. rhodochrosite, and argentite. The veins of the Butte district 
have been intricately faulted and. offset in at: least: two directions and are characterized 
by. heavy gouge on the walls and in-bands within the veins. : 

- At the Black Rook mine, -the principal vein dips at an average of 80° and ranges from a 
few feet to 120 feet in width. The country rock is granite, which has been intensely al- 
tered near the vein. . Borate Rega ae en mn Ay : O° ox, og Bho ES a A of. Meee. Gaeante Gt 


Barker. District, Montana 


- The most important ore. bodies occur in a fissure vein in syenite. The vein is crescent- 
Shaped in plan and has-been exposed in underground: workings for 4,000 feet laterally and 
1,200 feet in depth. The ore is banded and usually is 4 to 7 feet wide. - Individual ore 
bodies are 400 to 750 feet long. Vein walls usually are quite firm but in places are blocky. 
The ore-minerals are galena, marmatite, sphalerite, and pyrite, with considerable silver, in 
a-gangue of altered syenite and rhyolite, calcite, quartz, barite, rhodochrosite, and marca-— 
site.. During 1929 the average assay of the ore milled was:. Lead, 6.21 percent; zinc, §.01 
percent; silver, 9.09 ounces per on: With increasing depth, the percentage of zinc has 
anoreased: ee aes x a te 


~ 


Pecos District, New Mexico 


The ore bodies occur ina shear zone a few feet to several hundred in width, in which 
the igneous rocks have been altered to parallel bands of schist. The ore bodies replace the 
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schist, and the mineralization is a mixture of sphalerite, galena, ohalcopyrite, and pyrite 
containing gold and silver. The ore bodies have been developed over a length of 2,000 feet 
and down to the 1,200-foot level. They consist of irregular, disconnected lenses of sul= 
phides, which pinch out abrupily both horizontally and vertically. The ore and walls are 
both generally very loose and require close timbering. During the period 1927, 1928, and 
1929 the ore from the Pecos mine averaged 16.06 percent zinc, 3.73 percent lead, 1.02 percent 
copper, 3.59 ounces silver, and 0.109 ounce gold. 


panta Rita, New Mexico 


The principal rocks consist of flows of rhyolite, andesite, and basalt, underlain by 
limestone, shales, and sandstones. The strata have been considerably faulted. Several types 
of deposits occur, including fissure veins, limestone replacements, disseminated copper ores, 
and contact metamorphic deposits, but the replacement type has produced most of the lead 
and Zinc ore. Many of the deposits were first worked for precious metals in the zones of 
oxidation and enrichment; but the base metals, especially zinc, have become more important 
with depth. Conspicuous gossans marked the outcrops of many ore bodies. During 1929 and 
1930 the ore milled at the Black Hawk concentrator averaged as follows: 2.0 ounces silver, 
2.5 percent lead, 0.5 percent copper, and 12.0 percent zinc. 


Yellow Pine District, Nevada 


A thick mass of folded sedimentary rocks, over half of which is carbonate rocks, is ex— 
posed in the district. These rocks later were covered by igneous flows and tuffs, and still 
later sills and large masses of granite porphyry intruded the sediments in the vicinity of 
large thrust faults. Most of the ore is found in brecciated, dolomitized limestone. Many 
of the deposits are grouped about intrusive masses of porphyry, but others are several miles 
from any known igneous outcrops. Most of the zinc and lead deposits occur in lower Miss— 
issippian beds and, except for the Yellow Pine and Prairie Flower ore bodies which underlie 
a porphyry sill, are not near outcrops of intrusives. Lead and Zinc usually occur together, 
although a few deposits carrying zinc are devoid of lead and vice versa. Most of the import- 
ant ore bodies are of the flat or bedded type and are localized in breccia zones, and the 
ore occurs filling fractures and to a lesser extent replacing colomitized limestone, 


Edwards, Noy York 


The Zinc ore bodies in this district occur in a belt of crystalline dolomites, quart- 
zites, schists, and gneisses, which are intruded by granitic magmas and pegmatites. These 
rocks have a general dip of about 45°, but local folijing has contorted them into a hook- 
shaped plunging structure. Ore deposition was controlled by plunging minor folds, and the 
ore bodies are lenticular in horizontal section. They are 5 to 25 feet thick and 100 to 200 
feet long along the strike and are persistent to depths of 2,500 feet down the dip. The ore 
is a mixture of marmatite and pyrite, but sometimes pyrrhotite takes the place of pyrite. 
Walls are not usually well~defined, and parallel streaks and bunches of ore sometimes branch 
off from the main ore bodies. The latter lie wholly within the dolomite; frequently they 
do not outcrop, and at the Elwards mine five of the seven known ore bodies failed to do so. 
They all dip with the formation (at 40 to 45°). 
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Frankli rnace District J. 


The deposits occur in crystalline limestone in a belt up to half a mile wide. Igneous 
Rocks now metamorphosed to gneiss, intruded the limestone along the western side of the 
belt. Most geologists believe the ore deposits are of contact metamorphic origin. The 
deposits are hook-shaped in plan and section, present the form of plunging troughs which 
pitch downward from the nose of the hooklike outcrop at an angle of 25 or 30° near the sur- 
face, and flatten to 10° or less at depth. The ore bodies are 10 to 100 feet thick and ex- 
tend to more than 1,100 feet bkelow the surface. They are valuable for their zinc, manganese, 
and iron, which occur chiefly as oxides and silicates. Typical ore consists of an aggregate 


of 50 percent franklinite, 20 to 30 percent willemite, 2 to 6 percent zincite, and 3 to ll 
percent calcite. 
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PART 2 


EXPLORATION, DEVELOPMENT, AND MINING 


Exploration 


In this paper the term "exploration" is applied to the search for new deposits and the 
extensions of known ore bodies. During the past 4 years economic conditions have not en- 
couraged the search for new ore bodies. On the other hand, some companies which are well- 
fortified with funds probably have employed this period to increase their ore reserves by 
methodical exploration of extensions of known ore bodies and Beene for ore bodies adjacent 
thereto. 

Exploration may be conducted from the surface, underground workings, or both, depending 
upon the size, shape, and dip of the deposits, their depth below the surface, their positicn 
relative to surface topography and to accessible mine workings, and the relative costs of 
surface and underground work. 

In the Tri-State district there are no surface indications of ore over most of the area 
where the largest productive mines are situated. They were located by widening the field of 
exploration from the earlier discoveries of surface ores in other parts of the district. 
In the Southeastern Missouri district the vast deposits of disseminated-lead ores were found 
by drilling in areas where surface deposits of an entirely different nature were first dis- 
covered. Similarly, the sulphide zinc ores at Mascot, Tenn., were explored by drilling in 
areas where oxidized surface ores had been worked. In the tri-State district the churn drill 
is used almost exclusively, whereas in southeastern Missouri the diamond drill is employed. 
These local preferences are due to the nature of the formations in each field rather than 
to cost or other considerations. At Mascot, both churn and diamond drills have been used. 

Following are some actual churn—drilling costs from operations in the Tri~State district. 


| | Holes |Holes |Ave. depth |Cost of 
ae ce laa ore|of holes, |drilling 


fas eee ee ee 

1 | 8o| i129 | 35 | 250 [$35,000 
2 |104| 129 | 52 | 279 | 53,980 
3 | 320 | 162 | 49 | 326 | 66,015 
4 |105 | 120 | 43 | 305 | 37,482 
5 |160 | 219 | 84 | 330 | 79,497 
6 | 60 | = 90 fu... | 300 | 27,256 
7 | 80 | 138 | 55 | 235 | 40,839 
s | 40| 78| 47 | 300 | 26,450 


Often inclined tabular ore bodies outcrop, and they are explored by following them down 
the dip from the surface and laterally by underground methods. Other ore bodies do not apex 
at or even near the surface and underground methods, often supplemented by diamond drilling 
or test—hole drilling with hammer drills, are employed to locate and explore them. In both 
underground and surface exploration advantage is taken of all information gained previously 
in the district concerning the habit of ore occurrence, the influence of structural rela- 
tionships, and favorable beds or other formations. Underground methods are prevalent in the 
Western States and at many mines are the only ones employed, while at others they are supple- 
mented by diamond drilling or test-hole drilling with hammer drills. 
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Netzekand? gives the following costs for test—hole drilling in the Tri-State district: 


ashe eee |COst rer foot 
Labor, operating... | €0.€2 
Lator, maintenanco........0....... | C6 
US of 0 | .¢9 
ExploSiveS........0ccccecccccecsseseeteeteces | 01 
Power, oil, and depreciation|_ 4.24. 
TOC sass hasan Aedes eases | $2.12 


According to Dobbel, ® the total cost of Geer-hole drilling with harmer drills at the 
Chief Consolidated Mines, Utah, was $0.97 per foot. 


cuppary. of Fxplcration Practice 


Exploration from the surface ky churn or Ciamond drilling is the accepted method for 

exploring flat-lying becdced deposits, and in sore irportant districts drilling is the only 
method employed before development and the installation of mining and milling plants. The 
choice between churn and diamond drills for exploring such deposits depencs largely upon the 
nature of the ground, its hardness, homogeneity and whether badly fractured or not, which in 
turn affect the cost of drilling and the amount of core recovery possible with the diamond 
drill. | : — = : 
In prospecting tabular deposits of high dip the diamond drill is superior to the churn 
drill, since it is desirable to cut the ore at right angles to its dip, which requires in- 
clined holes that cannot be drilled with a churn drill. Such ceposits can often be best ex— 
plored principally by ordinary uncerground methods. However, there are few deposits, even 
when assays of drill samples are unreliable, where diamond or test-hole drilling cannot be 
used advantageously to determine important structural relationships and to probe for blind 
lodes and isolated lenses of ore. 


SAMPLING AKD ESTIMATION CF TEE ORE DEPOSITS 


This subject has been covered in an earlier bulletin® and is discussed at some length 
in the bulletin manuscript of which the present raper is an akstract. A review of the samp— 
ling and ore estimating practices at numerous lead and zine mines reveals that although drill 
sampling and channel sampling ustally are employed in exploration and development work, 
these methods are not used as extensively for stoping control as at most gold, coprer, and 
iron mines. Instead, visval inspection of working faces is relied upon to a large extent 
in many lead and Zinc mines to control the grace of ore mined. Tatle 2 summarizes sarpling 
and estirating piactice at a nunter of lead and zinc nines. 


7 Netzebard, W. F., Underground Deep—hole Prospecting at the Eagle-Picher Mines: Trans. Am. Inst. Min. and Met. Eng., 


vol. 75, 1S$27, pp. 35-41. 
8 Dobbel, Chas. A., Deep-Hole Prospecting at Chief Consolidated Mines: Trans. Am. Inst. Min. and Met. Eng., vol. 72, 


1925, pp. 677-€89. 
9 Jackson, Chas. F., and Knaebel, John B., The Sazyling and Estigation of Ore Deposits: Bull. 256, Bureau of Mines, 


1932, 155 pp. 
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TABLE 2.— Summary of sampling and estimating practice 


| Method of sampling | 
Mine or district |Churn |Diamond|Hammer|_Face_ samples | Grab | Estimates of ore 
|drills|drills |drills|Pick or |Channel on |seapler) | - reserves 
| | | |_ chip |_ groove __| | Scene ices ee 

_ Southeastern Missouri....|............ a) ae Oe ee eee | eeckaseinersh |From dianond-drill 

| | : ni | | | samples. : 

“Tri-state err ae ee a aes (a en erence aoe acne: [From churn-drill 

ac | | | | — of. | samples. 

Mascot, Tenn. 2... PGE) eG a ertecae ee er | (4) |From sample assays 
| | ole ae he = ee | --| and-estimated ~ 
| | | | | | | erases ekimenine 

| | foe 4 | | - | faces. 

Edwards, N.Y. oo. . eee be SCR ON SUB Ys ie aectaente: | (GS): thigackicn’ .|From grades of ad- 
a a J... .f 2. ft we. |e. ++ --f jacent -stopés and 
| | | | | | | from samples. 

Page mine, Idaho.............. Paseagh sec teresa | biscieclte Veins cntese | (Ds Vevcusanes: [From sampling of 
| | oe oe As a | | aver opnent Spot: 
bes) « “b% fe 4 | | -ings - 

Hecla ‘and Star mines, | | | Gl on. dedeee ott | ee ae 

TAA O sitet toa iaa Mea conel aa seeas Lecaedoudee Oued (2) eee | Dy Weteeee | Dove == 
Morning mine, Idaho........ een teeta ee 1 eee | [eres | Do. 
Silver King Coalition | | | ae ee a fm 
mines, Park City, Utah]............ eee [enteens I foie | - (9), | (dQ) |- 
Park-Utah mine, Park |....... pelt eoeuaat aaeeees \ eoeeeres leiecsierevates yee | (LL): ay calculated - 
Citys Utah cession, | | | | | | | from-that- of “ad- 
ets, Agee nn? | | | | | joining stopes:- 

Tintic Standard mine, | | | | | | |From groove~sample 

Tintic, Utah................. ale aetmcer. orem Staite coneae eee | (12). | (11). | assays posted on 
| | | | | | |... |-assay maps... 

Block P mine, Mont. ...... (tees paneer, Peaceatont eaten Ps MS)! al eesawtivast: |Not made. 

Black Rock mine, Mont. |............ aoe eee fae Sai (14), Aaa de sample assays 

Pecos mine, N.Mex. ........ | Shateeeads | 2S) 1S) Perticon | (16). Vee tsicen |From cross=sec— _ 
| | | | | | | tions and all a- 

| | | | | | ee | vailable assays. 

Ground Hog mine, N.Mex. |............ | Sie teastet ees ee | (I) iessdittere |From channel-sam— 
| | | | | | “4 ple widths and 

ee ee ee ee | | assays, 

Gilman, Colo. wo. Veen tec STi, WL) feted deere | attaatbnceaa irtediete {In part -from.com=- 

| | | | | | | posite samples of 
2 he etl. | | = i —|-adrfll holes.” 


ICore or sludge assayed. For testing backs, floors, and walls. Cuttings assayed. - ‘From 
development headings in ore. Cuttings from deep—hole drilling assayed, results 25 percent: 
high; short test-hole samples not assayed. SNot done regularly, assays.25:percent high. 
"Samples assayed for lead and zinc; assays for silver on composite samples... For testing 
walls for parallel stringers and ore bodies. In milling-grade ore.. !°5 to 10: percent: high- 
er in grade than mill samples. ‘'Taken from cars at.loading.ohutes. .'?From.drifts, ‘raises, . 
and square-set faces in stopes. /%From drifts and raises. ie development headings ‘and 
stope faces. .*?Sludge assayed; core assayed if mineralized. 1°Al1 undergrownd: openings | 
showing mineralization. | 17P rom all drifts and crosscuts. at 5-foat intervals.. /*Sampled-in - 
6—foot lengths. : pee ie tee ee 
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MINE DEVELOPMENT 


in this paper the term "development" is applied to the operations involved in preparing 
a wine for ore extraction and includes tunneling, shaft sinking, crosscutting, and drifting. 

Existing exploration openings often may be employed as permanent openings, but it is 
frequently advisable to provide new ones, differently located, of a different type, or larger 
and straighter for more efficient operation of the mine. The bulletin manuscript discusses 
such subjects as: Shaft v. tunnel development; vertical v. inclined shafts; size of shafts; 
shaftesinking costs; level development, level intervals, size of drifts and crosscuts, cost 
of drifting and crosscutting, and plan of levels; stope development; and cost of mine de— 
velopment. 

Tables 3, 4, 5, and 6, present, respectively, data on typical shaft-sinking costs, 
drifting, and crosscutting, tons of ore produced per foot of development work, and current 
mine—development costs per ton of ore mined at lead and zinc mines. 


TABLE 3.- Typical shaft-sinking costs 


Mine and location | shaft section, | Kind of rock | Depth sunk, | Cost per foot | Remarks 

et al pr | [enna CY SnD | PON eRe 

Leadand zinc | | | | | 

mines | | | 

No. 2 mine, Trie (5 by 7; 1 compart-|Surface, shale, dolo-| 260 | $20.08 \rotal cost to com 
State distriot 1 | pent mite and flint beds | | | pany. 
Hartley~Grantham {6 by 6 | Do. | 200 |s7 in shale $10.50 \contract labor and 
mine, Tri-State | | | in hard rook | explosives only. 
distriot 2 | | | $18.00 Total cost to com 

| | | pony. 

Pim shaft No. 8 6 by 18 in clear; - | 730 $76.17 sinking only|Shaft partly con- 
mine,3 S.E. Miss-| 4 compartments | | $92.56 sinking and| crete-lined. 
ouri district | concreting | 

Pecos mine, N. 6.67 by 20.33 out—/|Metamorphosed igneous| 1,050 | $119.01 |cost per foot of 
Mex. 4 | side of timbers | rocks | | | last 528 feet. 

Other mines | | 

Ajax mine, Cripple|6 by 15; 4 com |cranite | (1,482 to 1,983) | $57 .28 |Labor, $25.77; ma- 
Creek § | partments | | 502 | terials, $16.93; 

| : | | service charges, 

| | | $14.58. 

Sylvanite, On- 6 by 16; 3 com |syenite porphyry | 953 | $71.03 Sunk from 1,000 
tario 6 partments | | | level. 


1 Netzeband, Wa. F., Method and Cost of Mining Zinc and lead at No. 2 Mine, Tri-State District, Picher, Okla.: Inf. 


Circ. 6121, Bureau of Mines, 1929, 11 pp. 
é Keener, Oliver W., Methods and Costs of Mining at Hartley~Grantham Mine, Tri-State Zino and Lead District: Inf. 


Ciro. 6286, Bureau of Mines, 1930, 8 pp. 
3 Poston, Roy H., Sinking Practices and Costs at the Pim Shaft, St. Louis Smelting and Refining Works of the National 


Lead Co., St. Francois, Mo.: Inf. Cire. 6588, 1932, 13 pp. 
4 Matson, J. T., and Hoag, C., Mining Practice at the Pecos Mine of the American Metal Co. of New Mexico: Inf. Circ. 


6368, Bureau of Mines, 1930, 21 pp. 

5 Black, W. S., Cost of Shaft Sinking at Cripple Creek: Eng. and Min. Jour., vol. 120, Aug. 15, 1925, p. 255. 

G Jackson, Chas. F., and Knaebel, John B., Gold Mining and Milling in the United States and Canaca, Current Practices 
and Costs: Bull. 363, Bureau of Mines, 1932, 151 pp. 
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TABLE 3.- Tvaical shift-iaking costs = Cartinued | 


a a ee 


Mine and location | Shaft section, Kind of rock | Depth sunk, | Cost per foot | Rimarks 
|___tcoct |___ tect _| ss) 
Teck-Hughes, On- |6.33 by 21.33 [Porphyry and lampro- 1,484 | $96.34 | . 
tario Z [12.5 by 13.0 — | phyre | | | 
| | Porphyry | 2,284 | = 120.75 | eC 
Magma, Ariz., No. |7.5 by 16.5 Sohist | 3,465 | $75.24 total cost |p:rect cast, $70.00. 
7 shaft 8 | , | | : | 
Magna, Ariz., No. , by 21.5; 3 com- | Do. , 2,531 | $116.44 total [Direct sinking cost, 
5 snaft 9 | partments. | 3 | | | $76.75. 
McPherson shaft, [10 by 19 | |schist and graywacke | 200 | 65.34 1,609 to 1,200 
Tennessee 10 | | | | levels. 
Bisbee Queen, —«|[7 by 17 : | 823 | e.is | - 
Ariz. 8 | | | | 


7 Heary, R. J., Mining Methods and Costs at the Teck-Hughes Gold Mines, Ltd., Kirkland Lake, Ontario: Inf. Ciro. 


6322, Bureau of Mines, 1930, 11 pp. 


8 Gardner, E. D., and Johnson, J. Fred, Shaft-Sinking Practices and Costs: 


9 Snow, Fred W., Mining Methods and Costs at the Magma Mine: 
22 Weaver, Lamar, Shaft Sinking in Tanessee: 


Bull. 357, Bureau of Mines, 1932, 104 pp. 


Inf. Circ. 6168, Bureau of Mines, 1929, 32 pp. 
Eng. and Min. Jour., vol. 129, Mar. 24, 1930, p. 702. 


TABLE 4.— Drifting and crosscutting data at lead and zinc mines 


Mine and location| Type of ore and| Size of headings, | Mining method |Type of haulage|. Cost per | Remarks 
arc | tee | root | 
Mine No. 1, Tri- |Do1omite and 7 by 7 (crosscuts Open stopes. Hand, mules, \$7.50 labor \rnt:mbered. 
State district | chert. | between ore bodies | and trolley | $14.13 total | 
| | termed "pull | locomotives. | 
| | drifts"). | | 
Mine No. 2, Ti- | Do. | Do. Do. “ and mules |$6.50 labor | Do. 
State district | | | | only | 
Waco, Tri-State | Do. | 8 by 8 | Do. | ds. [$6.00 to $3.00 Do. 
district | | | 
Barr, Tri-State | Do. |7 by 7 to 8 by 10 Do. | de. aa labor | Do. 
district | | | | $10.00 to | 
| | $12.00 total 
No. 8 mine, S.E. |Doromitic lime-| 7 by 8 | Do. lTrottey locomo—| $4.89 labor Do. 
Missouri dis— stone. tives. $7.87 total 
trict | | | | 
Bonne Terre, S.E. Do. \7+ by 8 to 9 by 10 | Do. \troitey looomo-| - | Do. 
Missouri dis— | | wain haulageways 8 | | tives, with | | 
trict | | by 12 miniaun. | mules for | | 
gathering. | | 
No. 2 mine, Mas | D>. E by 8 (main haul- | Do. Trolley locom>-|€8.17 total | ave. cost of 
cot, Tenn. | age) 7 by 6 (cross— | | tives. | | drifts, 
| cuts). | | | crosscuts, 
| | | | | raises, and 
| | | | | | slapping. 
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] 
Mine and location! type of ore and 


a ee | 


Edwards, N.Y. 


Eunker Hill, 


Idako 
Page mine, Idaho | 
Hecla mine, Idaho 


Morning mine, 
Idaho 

silver King 
Coalition nines, 
Utah 


Park-Utuh mine, 
Utah 


Tintie Standard 


mine, Utah 


Slack Rock mine, 


wontana 


Clock P mine, 
Mcntan<« 
Pecos mine, N. 


Mex, 


sround Hog mine, 


N. Mex. 
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TABLE 4.~ Drifting and crosscutting data at lead and 7inc wines - Continued 
Size of headings, | Miaing method ltype of haulaga| Cost per | Rosmarks 
BOCK nao | a Peete |_reot | 


|polomite and | 


Sone gneiss. 


6 by ” 


Quartzite and {7 by 8 (drifts) 15 /Squre sets. 


shale, sand— 


stone, and ore 


|open stcpes —— - 


| some sieiakacs| lccomotives. 


[Usually un— 
| timbered. 


Storage-battery | $11.35 lave. cost for 


per foot for timbered. 


! | 
| ore. | by 8 (main cross- | lucomotives on| | 1,168 ft. in 
| cuts). | | levels; trol= | 1921, 
| | | ley locoso= | | 
| | | tives in tune | | 
| | | nel. | | 
| Do. l6 by 8 inside tin | Do. |Storage-battery| 7 lprirts tim 
| | ber, 8 by 9.5 rock | | locomotives. | bered. 
| | dimension. | | | 
| de. 'g by 8 clear for _!stull sete and | Do. | . | - 
| | main haulage: 5 by | fill. | | | 
| | 7 for crosscuts; 12! | l 
| teet high in ore | | | 
| and full width of | | | 
| = lode up to 18 fuet.| | | | 
13 by 13 (drifts) Do. | Do. | - lpritts all 
. | 6 by 8 (crosscuts) | timbered. 
|quartzite, le by 8 in cloar. | square sets. Trolley 1ocomo~!$11.38 ave. | some timbered. 
| limestone, ana! | tives on main ; for drifting, | 
| ore. | | levels crosscutting. | 
| | | sinking, and | 
| | | | raisiug. 
| Do. Ig by 8 (main haul- | Square sets aud I trolley locomo=| $23.84 main Drifts usually 
| | age) 5 by 7 (ex- | cuteand-fill. | tives. | tunnel 8 by timbered. 
| ploration cross | | 8, 1/3 time | 
| cuts. ) | | | bered. 
|Limestone, i6 by 8 cver all 4.33|Square sets. Hand; mules for| - | timbered. 
quartcite, | x 7.25 in clear. | longer trams | | 
| shale, and ore | | | | 
Icranite and (6 by 8 ta & by 10 | Do. I Storage-battery| - iDrifts tine 
| vein matter. over all) (3.66 by | locomotives. | | bered. 
| 7.25 to 5 by 7 in | | | 
| | clear). | | | 
|Rhyclite and [6 by 8 over all; 3.5|Cut-and-rill. | Do. | 2 | Do. 
vein mattor. | by 6.5 in clear. | | 
|Schist and ore. 17 by 8 (uross cuts) |cut-and-fi11 and| Do. |¢8.08 labor Do. 
| drifts 5.53 at top | square sets. | | $11.50 total. 
| and 5.8 at bottom | | | 
| by 7 high in clear. | | 
| 5 by 7 Square sets. [Hand 
| 
| 
| 


| 
| 
| | 
Limestone, | | 
| | 
| | 
| | | 
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| 
| 
| 
| 
| $3.25 to $4.50|Drifts not 
| 
| 
| 


| 
i 
| contract la- 
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TABLE 5.— Tons of ore produced per. foot of development s,ork at lead and zinc mines 


| Level inter-|  |Tons produced 
Mine or district | Type of ore body val, feet | Mining method y per foot or Remarks 
Sa De ae ee poe: , 
Tri-State district Flat, irregular ore |Usually only| Open stopes ares | Average for 3 mines; 
bodies. one level. | and pencn). a all development in- 
| cluded. 

Do. | Do. | Do. | average for 2 large 
| | | yt mines; all develop- 
| | | ment included. 

No. & mine, S.E. Mie-lFiat, irregular, bedaed |One level. | Do. | 250 plus © lestimated. 
Souri district derosits. | | 
Mascot, Tean. Large, irregular, bedded so to 75, open Stopes, ‘under- ey - 
| duposits; dip, 18 to | hand zill-hole, and -_? 
22°. heading and beach. 
Edwards, N.Y. Irregular bedded depo- \Upper levels! Open stopes, with’ - | 27.5 (1920). | - 
| sits; dip, 40 to 45°. | 100; lower | some shrinkage stor | 
| | levels 200. | tn | i 
Bunker Hill mine, | wide, deep, shear zone, | 200 |s quare sets and fill. | 125 | - 
Idaho | large ore bodies. | | ie | 
Page mine, Idano l2 fissure veins in shear | 500 | Do. | 19 | - 
| zone in quartzite; dip, | | i | 
40 to 60°. | | 
Morning mine, Idaho {Long fissure vein in | 200 Stringer sets and | 66 | - 
quartzite; continuous to | fanz. . | 
great depth; dip, 80° to | | 
vertical. | | | 
Silver King Coalition|Large, irregular bedded {200 at lower| Square sets and fill. 5.4 | = 
nines, Utah deposits in limestone; | levels. | | 
| some fissures in quart- | | | | 
zite. | 
Park-Utah, Utah Fissures in quartzite and 200 Square sets and cut- | 15.7 | = 
limestone; ore shoots, 3 | and-fill. | | 
to 80 feet wide up to | | | 
900 feet long; dip, 40 | : 
to 55°. | 
Pecos Mine, N. Mex. ]!Irregular lensss in shear| 100 |cut-and=fi11 and 14.7 | - 
| zone in schist. | square sets; some | | 
| shrinkage. | | 
Ground Hog, N. Mex. |Ore body 3 to 25 feet | 100 |Syuare sets and fiz1.| 13.2 | S 
| wide by 600 fvet long in! | | | | 
| fault fissure; dip, 50°. | | | 
1 1928-30. 
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TABLE 6.— Current pine development costa per ton of ore pined 


Mine and pericd | Type of orebody 
| 


~~ £overed 


No. 8 mine, S.E. Mis-|Irregular, flat-—bedded 


souri district ] 


Mascot, Tenn. 2 


i deposits. 


Page mine, Idaho ] 


40 to 60°. 
Morniug wine, Idaho i|Large fissure vein in 


| quartzite; continuous 


| to great depth. | 
Hecla and Star mines, |Several ore bodies in 
Idaho ] 


80°. 


Silver King Coali- 


| in fault fissure; dip, 


Large. irregularebedded ;S50 tc 75. 
deposits; dip, 18-22°. | 


2 fissure veins in shear 


zune in quartzite; dip, 


sbear zone; dip, 70 to 


lLaree, irregular-bedded 


- 


[Level inter-| Mining sethod Tons ory nined|Cost of developmert 


|_val toot! |durine period [per ten of ore sined 
Oue level — fogen stepes (heading | 168 ,089 | $0 .045 
| and bench). | 
|Open stopes, under= 528,626 .053 
haud aill-hole, | 
heading and bench. | | 
| 300 | Do. | 90,460 | 1.170 
| | | | 
| | | 
| 200 |stringer sets and | 276 ,890 | 412 
| | faa. | 
| | | 
1300 una 400 | Do. 312,942 | 638 
| | 
i | 
200 at lower;Square set and fill. 180,208 | 2.086 (de— 


| velopment in rock 


| 
| 
| 
| 
| 
! | 
tion, Utah 2 | deposits in ligestone; | levels. | | 
suRe Veing in quart=- | | | land ore). 
zite. | | | | 
Park=Utah ] |Fissures in quartzite 200 Square sets and cut- | 192,250 828 (de- 
| and limestone; ore | and-fill. velopment in rock 
shoots, 3 to 80 feet | | | [and ore). 
wide, up to 900 feet | | | 
long; dip, 40 to 55°. | | | 
Tintic Standard, Trough ore bodies ren Usually 100 |square set and fill. | 8,758 .299 in ore 
Utah 3$ placing limestone beds; | (200 feet | _244in rock 
| extend over wide areas | 900 to | | 1.143 tctal. 
and are of large voer- | 1,100; 150 | | | 
tical height. | feet 1,100 | 
| to 1,250). | 
Pecos mine, N. Mex. 4| Irregular lenses in | 100 |Square set and fill 578,658 [aaa development, in— 
shear zone in schist. and cut—and-fill; | | cluding shaft sink-— 
| some shrinkage. | ing, stations and 
| | | | pockets $0.859. 
Ground Hog, N. Mex. 5|0re body, 3 to 25 feet | 100 |square set and fill. | 11,146 | .922 in ore 
| wide by 600 feet long | | —47,in rock 
| 1.393 total. 
| 


| soe. 


| 
| 
| 


a a ra 


2 1928. 

2 1929. 

3 November 1929. 
4 1927-29. 

5 3 months, 1930. 
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STOPING 


At most mines development work continues long after stoping is begun, and in some mines 
stoping starts very early in the development period. Thus, in the Tri-State district, where 
stoping often is begun almost immediately after the shaft is bottomed, the ore is developed 
as it is stoped although it has been previously delimited, at least in part, by churn drill- 
ing. i 

In other districts, where the deposits are of a different type, considerable development 
is required to prepare the ore bodies for stoping. Where enough capital is available, good 
judgment usually dictates that during the early life of a mine development be carried on at 
a rate which will block out ore faster than it is removed by stoping, thus providing a sub-— 
Stantial reserve of ore. Such a reserve not only serves as a backlog, assuring continuous 
and even production, but forms a basis for planning for the most efficient operation. On the 
other hand, development too far ahead of ore extraction serves only to absorb excessive capi- 
tal and interest charges. 


selection of Stoping Method 


The stoping method employed at most mines has been evolved from experiences during their 
earlier life, at least as to the variations in the general method. Low stoping costs ob— 
viously are desirable, although the method resulting in the lowest cost per ton of ore will 
not always give the lowest cost per pound of lead and zinc. Therefore a higher cost—per—ton 
method may be preferable to a lower cost—per-ton method in some instances. Some stoping 
methods afford much lower costs than others, Eut physical conditions of the deposit limit the 
operator in his selection. In some instances the proper method to employ is immediately 
apparent, whereas in others a real problem is involved in determining that which is most 
suitable. 

During 1950, lead and zine mines in the United States produced roughly 19,400,000 tons 
of crude ore, of which about 14,661,000 tons were mined from open stopes, 1,896,000 tons by 
square-set stoping, 1,559,000 tons by cut-and—fill stoping (including 710,000 tons by string- 
er-set and fill in Idaho), 974,000 tons by shrinkage stoping, 476,000 tons by top slicing, 
and 34,000 tons by block caving. 

In the bulletin manuscript, each of these methods is discussed in detail, and the stop- 
ing operations at a large number of different mines are described and illustrated. In addi- 
tion, the advantages and disadvantages of each stoping method and the conditions to which 
each is adapted were discussed. 


Cost of Stoping 


The cost of stoping varies widely with the physical characteristics of the deposit; 
its size, shape, dip, strength of ore and wall rocks; method of stoping, grade of ore, and 
regularity of its occurrence, rate of production, and skill of the management. Where ore and 
waste must be sorted in the stopes the cost per ton of ore mined usually is increased con— 
siderably, though often this results in lowering the cost per pound of lead and zinc, which 
is the end to be sought. Since conditions are rarely, if ever, identical at two different 
mines, obviously direct comparisons of cost between any two mines are apt to be misleading. 
In table 7, stoping costs (in dollars) at a number of lead and zinc mines are summarized; 
and stoping costs in units of labor, explosives, timber, and power are given in table 8. In 
these tables, direct stoping costs only are given, and costs of development and underground 
transportation, as well as general underground and surface expense, have not been included. 
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COST OF MINING 


In this section, total direct mining costs are disoussed. These costs, which include 
development, stoping, underground transportation, and general charges, are given for a number 
Of mines in tables 9, 10, and ll. Differences in accounting practices at the different mines 
make it difficult to distribute the costs between the several items in the tables on exactly 
the same basis, but the figures have been compiled on as nearly a uniform basis as possible. 
in table 12, total direct mining costs are presented in terms of labor, materials, and power. 


TABLE 7.— Stoping costs, lead and zinc mines 


| some veing ia 


| | Period |ore hoisted]  Stoping [Direct stoping 
Mine and location | Type of deposit | covered |during per— method cost per ton Remarks 
| | _iod._tons._| |ore hoisted _| 
Mine No. l, Tri-State|Flat-bedded de- [6 nonths, | 68,770 |open stopes. $0.532 $0.049 deducted from 
district | posit. | 1928. =| | reported mining cost 
| | | | | for development. 
Mine No. 2, Tri-State| Do. 9 months, 87 ,563 | Do. 458 $0.050 deducted for 
district | 1928. | | development. 
fiaco mine, Tri-State | Do. May 1927, | 564,285 | Do. | -430 Do. 
district | to Jan. , | | | 
1929. | | | 
Barr mine, Tri-State | Do | Jan. to | 45,544 | Do. | -497 |$0.047 aeducted for 
district | | | April 1929 | | development. 
Hartley-Grantham Do. |Jan. to 60.282 | Do. | .516 - 
mins, Tri-State dis- | June 1929 | | 
triot | | | i 
Hartley mine, Tri- | Do. 6 months, 180.212 | De. 572 | - 
State district | 1930. | | 
No. 8 mine, S.E. Mis-|Flat-bedded dz- {Year 1yza | 168,089 | Do. | 423 | 7 
souri district posits, dissemi- | | | 
nated=leau ore. | | 
Mascot No. 2 mine, lLarge. bedded de— /10 months, | 511,32 {Open stopes; | 222 Based on ore fron 
Mescot, Tern. | posite; dip, 18-| 1929. ‘| ~ | mill-boly | stopes cnly. 
| 22°. | | systes. | | 
Bunker Hill & Sulli- | Wide, deep, shear [Year 1928 | 492,2 | Square-set and 2.251 $0.13 deducted from 
van mine, Idaho | zone, largu cre | | . fill. reported cost fur 
bodies. | | transportation. 

Do. De. [Year 1932 460,366 | Do. | 2.476 | s0.134 deducted for 
| | | | | transportation and 
| | | | | | $0.51 for distribu- 
| | | | | | ted charges. 

Page pine. Idaho z fissure veins in| Year 19<& 90 , 460 |Square~sot and| 2.15 | Do. 
| shear zone; dip. | fill. | | 
. | 40 to 60°. | L | | 

Silver-King Coalition|Large, arregular |Year 1929 | 180,208 | 350 | 
mines, Utah bedded depusits | a | 

| 

| | | 
| | | 


| 

| | 

in limestone; | | 
| | 


| quartzite. 
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TABLE 7.- Stoning costs, lead and zinc mines.— Continued 
| | Period lore hoisted| Stoping -|pirect stoping| 
Mine and location Type of deposit | covered |during per-| method cost per ton | Remarks 
Pree ee ae eRe ERO Tee eT |_iog. tons |__| ~ ore notsted | eee. 
Park-Utah mine, Utah |Fissures in quart-| Year 1928 | 192,250 | square-set and $2 .426 | - 
| zite and lime- | | | fill; some | | 
stone. _ | | | cut-and-ri11. ! | 
Tintio Standard mine, |Trough ore bodies | November | 8,758 |sq uare-set seal 4.975 [3 types of ore must be 
Utah © | replacing lime— | 1929. | | fill. | | mined separately, and 
| | stone beds. | | | | | considerable sorting 
, | | | | | | is required. 
Ground Hog mine, New j;Ore body 3 to 25 |3 months, | 11,146 |Square-set and| 1.762 | - 
Mexico | feet wide by 600 | 1930. | | fill and tin- | | 
| feet long in | | | bered rill. | | 
| fault fissure. | | | | | 
Pecos mine, New ltrregular lenses |1927-28-29 | 194,030 Is Syuare-set3. | 2.66 | Based on ore won by 
Maxico | in shear zone in | | | | | square—setting only. 
| schist. | | | | 
Do. | Do. | Do. | 270,873 | cut~and-ri11. | 2.11 | Based on ore won Ly 
| | | | | | Cut-and=fill stoping 
| | | | | only. 
Do. | Do. I: Do. 23,806 leidlauags and | 93 Based on ore won by 
| | | subsequent | | shrinkage stoping 
| | | fill. . | | only. 
Morning mine, Idaho |parge fissure veia| Year 1928 | 276 , 890 |stringer set | 2.371 | - 
| in quartzite, | | | | and fill. | | 
continuous to | | | | | 
great depth. | | . | | 
Hesla and Star mines, |Several ore sadiiae taae 1928 | 312,942 {Stringer set | 1.211 - 
Idaho | in shear zone; | | and fill | | 
| dip, 70 to 80°. | | principally. | | 
TABLE 8.- Stoping costs in units of lebor, explosives. timber. and pover 
Mine and | Period ~ | Tons ore | 
location ayp6 of deposit| covered | hoisted dur= |Stoping method |Man-hours/| Explosives, | Timber Power, 
= | _ ine periog | |_-pounds _| ____| kw. 
Mine No. 1, Tri-|Flat-bedded ase months, | 68,770 pe stopes. |. 0.784 | 0.750 | None | 6.00 
State district | posits ize. | | | | | 
Mine No. 2, Tri-! Do. gnonths, | 987,563 | Do. | .e42 | 1.265 | Do. | 2,81 
State district | | 1928.- | | | | | | 
Mine No. 3, Tri! Do. eee 1927 | 132,384 | Do. | 402 | e7s | po. | a0 
State district | | . | | | | 
Waco mine, Tri- | Do. luay 1927 to] 364,285 | — -Do. | .635 | 594 | None | - 
State district | | gan. 1929 | | | | | | 
Barr wine, Tri- | Do. |Janiary to | ~ 45,344 =| © ~ “be. | .soz | 805 | Do. | 2.16 
State district | | apria 1929] | | | | | 
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TABLE 8.— 


: | 
| 

|Type of deposit| covered 
| 


IcaaES. 


Mine and 


location 


Hartley-Grantham |Flat-bedded ae to 


mine, Tri-State| posits. | June 1929 
district | 
Hartley mine, | Do. 6 months, 
TrieState dis- | 19350. 
| 


trict | 

No. 8 mine, S.E. |Flat-beaded de-l Year 1928 

Aissourd dis- posits, dis-= | 

trist | seninated-lead| 

ore. | 
Do. 

Missouri dis- a 1929. 

trict 


Mascot No. 2 


| 
| 
| 
Mine A, S.E. | 
| 
| 


‘Large bedded 10 ponths, 


mine, Mascot, | deposits; dip,| 1929. 
Tenn, | 18 to 22°, 
Edwards, N.Y. |Lenticular | Year 1930 
| masses in | 
| folded beds. 
Silver King lL Large, irregu- |Year 1929 
Coalition mine, | lar-dedded de-| 
| posits in | 
| limestone. | 
Park Utah mine, |Fissures in |Year 1928 
Utah | quartzite and | 
| linestone. | 
Tintic Standard |Trough ore |Novenbor 
mine, Utah | bodies, re=- | 1929. 


placing lime- | 
stone beds. | 
Pecos mine, New ,Irregular len~ | Year 1929 
Mexico ses in shear 
zone in | 
schist. | 
Morning mine, 


Idaho 


iLarge fissure lear 1 1928 


vein in quart-| 


N 
e 
ce 
® 


—— —— —— eee er 
= ee _——-—— 


Hecla and Star | Several ore Year 1928. 


mines, Idaho | bodies in 
| dip, 70 to 
| g0°. 


| 
: 
ey, OI 
| 
| 


] Based on tonnage of ore from stopes Only. 


2 Based on total ore hoisted. 
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Google 


Period | 


lave. month, | 


leaner 
[> coe 
| 
| 
| 
| 
| 
| 
| 
| 
a les 


Tons ore 


hoisted dure- |Stoping method 


60, 282 


180,212 


168,089 


49,700 


911,385 


Open stopes. 


Do. 


| 
| 
| 
| 
| 
| 
| 
| 
| 


_—" 


|Stope ore only| 


|open stopes, 


|stope ore only| mill-hole sys- 


| 
| 


| 
| 
| 
 ¢ 
| 
| 
| 
= 
' 
|. 
“1, 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
| 


T2,T42 


| ten. 
[open stopes. 


Stope ore only| 


180, 208 


192,250 


8,758 


195 ,685 


stoping only | fill, cut-and- 


Square set and 
fill. 


| 
| 
| 
| £111; some — 
cut-and-fill. 


Square set and 
fill. 


|Square set and 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
. 
| 
| 
| 


| 
| 


| 
| 
| 


217,121 | f411,. pillars 

total ore and shrinkage. 

276 ,890 Stringer sets 

and fill. 

312,942  |Stringer sets 
total | and fill; hor-| 

tonnage; | izontal stop— 
all | ing. 


Man-hours|Explosives, | 
| —-OUDGS ___| 


-490 


- 460 


5.920 


Square set and | 1.9350 


4.694 


] 3.479 


2 3.135 


-565 


»459 


.502 


500 - 


1 .7350 


2 -658 


.693 


-9335 


24.03 bd.ft.| 26.47 


Timber — 
| None | = 
| Do | 2.00 
oo 
I we tx 
a 
| | 
| | 
| Do. 4.1 
| 
| 
| Do. 3.65 
_— 
| | 
| 7 | 21.16 
| | 
| ie £4 
| | 
pO 
; 2. Fa 
— 
| 
| 


| 
| 
13.9 linear |} 6.97 
feet. 
2.3.5 linear|2 6.28 
feet. | 


| 
| 
| 


| 
| 
| 
| 
he 254 seal ~ 
| 
| 
| 
| 


feet stulls| 


| 
| 
| 


Mine and 


location 


Hecla and Star 
gines, Idaho 


Do. 


Block P sine, 
Montana 


Gilaan, Colo. 


#9 
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TABLE 8.= Stoning costs in units of Jatir, explosives, tipter, and power = Concluded 
| Period | Tons ore | |___woit vosts per ton ore, storing only — 
| type of deposit| covered | hoisted dur= | stoping method! Man-hours| Explosives, Timber |Power, 
| ing periog | |__ pounds — kmh. 
Several ore [Year 1928. | x2 | Timbered 1.3094 | 12.174 |11.207 ba. | 12.66 
bodies in | | | shrinkage and | | | ft. sawed | 
shear zone; | | | horizontal | | | timber. | 
os 70 to | | | stringer sets | | | | 
g0°, and fill. | 
Do. | ‘ Shrinkage, West| 1.410 | 2.054 | - 
| ore body. | | | | 
Narrow fissure;|year 1929. | 106,242 |cut-and-ri11. | 3.956 | 2.568 | a i 
ms 65 to | | | | | 
| | | 
haa ore] == Ss é lave. of 2 «=| a.7aa | ey) fusca mart. | - 
bodies in lino| | | square—set | | | | 
beds. | | stopes. | | | | 
Do. a ee - Ave. of 9Qcut- | 1.250 | .53 | 7.3 vart. | - 
| | and-fill | | | | 
| | stopes. | | 
Do. ; - | -  |open stope. 79 | .38 | 3.5 bart. | - 
Do. — | - Underhand pil- | 1.250 | .41 | 6.7 bart. | - 
| lar stopes. | | | | 
= ee 
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TABLE 11.— Tons of ore per man-shift, 1930, lead and zinc mines 


Number |Ore produced, 


Stoping | Man-shifts worked |Ore produced per man- 
of mines | tons | method | | shift, tons 
reporting | | employed |Underground|Surface| Total | Under— |Surface |Total 
a a i i), ound | | 
VOD. ccees | 13,287,051 |Open stopes. | 1,676,562 |226,780|1,903,342| 7.925 | 58.6 | 6.98 

| | | | 
2G i recstainns | 1,716,695 |Square-sets. | 1,106,917 |208,886|1,315,803| 1.551 | 8.2 | 1.30 
| | | | | | | 
Ueto: | 1,098,823 |Cut-anc-fill | 450,079 |120,965| 571,044| 2.441 | 9.1 | 1.92 
| | and stringer-| | | | | | 
| | set and fill. | | | | | | 
| | | | | | | 
‘ene | 651,155 |Shrinkage. | 184,554 | 57,155| 241,709] 3.528 | 11.4 | 2.69 
|__| || | | | _—___|____|__ 
can aeeen| (eaten | | | | |_| 
Total 148| 16,753,724 | | 3,418,112 |613,786|4,031,898| 4.902 | 22.3 | 4.15 
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PART_3 
METHODS OF CONCENTRATING LEAD AND ZINC ORES 


This section is a summary of a number of information circulars dealing with concentra— 
ion of ores at various lead and zinc mines in the United States. 

Many changes have been made during the past 15 or 20 years in methods of concentation, 
with a resulting marked improvement in recoveries and costs. The earlier types of grinding 
equipment have been replaced largely by rod or ball mills; flotation has superseded gravity- 
type concentrators or has been added to the flow sheet in mary plants; differential flotation 
has permitted the separation of lead from zinc minerals in finely disseminated form; and 
screening and classification have been improved. 

The bulletin manuscript includes summaries covering concentration methods at each of 17 
plants, giving details regarding the nature of the ore treated; plant capacity; milling 
metnods; grade of ore, concentrates, and tailings; recoveries; ratio cf concentration; and 
water consumption. Flow sheets of each plant are given. 


Key to concentrators listed in tables and roferred to_in text 


|Information Circular 


A. Netta Mill, Picher, Okla. oe | 6342 
B. White Bird Concentrator, Picher, Okla. ............. | 6353 
C. Bunker Hill & Sullivan West Mill, Idaho............. | 6314 
D. Hecla Concentrator, Gem, Idaho..........cccccccceceeeeee: | 6600 
E. Mascot Concentrator, Mascot, Tenn. ........ce | 6379 
PF. Flat River; Missourd: Millicctemcace ious | 6658 
G. Page Concentrator, Kellogg, Idaho... | 6590 
H. Morning Concentrator, Mullan, Icaho.......0..0000..... | 6587 
I. Hughesville, Mont., Concentrator... | 6447 
J. Tybo, Nev., Concentrator... cccccccccccscecereeseeteeeen | 6430 
K. Midvale, Utah, Concentrator... en | 6492 
L. Chief Consolidated Concentrator, Eureka, Utah..| 6320 
M. Montana Mine Concentrator, Ruby, Ariz. .....0..... | 6497 
N. Black Hawk Concentrator, Hanover, N. Mex. ........ | 6359 
O. Pecos Concentrator, Tererro, N. Mex. oo... | 6605 
P. Balmat Mill, St. Lawrence County, N.Y. ............. | 6574 
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General 


Thorough study of the composition, mineral distribution, physical characteristics, 
amenability to gravity and flotation treatment, and other determining factors is necessary 
to prescribe the best method of treatment for a given lead-zine ore. Local conditions, as 
well as the character and grade of products desired with reference to smelting contracts, 
often have an important bearing upon the method of treatment. Since fairly universal ac- 
ceptance of the flotation process as a means for better separations and improved recoveries 
in the treatment of slimes and finely ground ore, many complex and finely disseminated sul- 
phide ores can now be treated successfully which will not yield acceptable products by 
gravity methods. It might be said that the Tri-State, Southeastern Missouri, and Mascot ores 
examplify those which can be treated suitably by gravity or combined gravity and flotation 
methods, whereas the ores of the Coeur d'Alene and some other western districts are, in most 
cases, suited to all—flotation methods. : 
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Hand Sorting 


Hand sorting is practiced at relatively few lead-zinc plants, although both waste rock 
and crude lead-smelter product are sorted by kand at concentrator D. At otker places con- 
siderable waste is sorted from the ore in tho mines. 


Crushing 


As a rule, the ore celivered to the crushing plant is broken to pass a grizzly with 
10-inch or smaller openings. The ore is first crushed in jaw cruslers or gyratories to about 
< or 3 inches, although at concentrator E the crusher discharges a product of 54 inckes maxi- 
mum size and at concentrator D the jaw crusker is set at 5 inches. In the Tri-State district 
the crusher product usually is fed directly to rolls, but in cther districts it is first 
passed over stationary, trommel, or vibrating screens with 4— to 2-inch openings; the over- 
size is fed to disk or cone crushers, gyratories, or rolls, in closed circuit with the screen. 
In plants wnere gravity concentration is employed the jig and table middlings gererally are 
reground in secondary rolls, or in ball or rod mills, for treatment by sand jigs, tables, or 
flotation. Typical screen analyses of products from crushing plants are given in tables 15, 
14, and 15. 


Grinding 


Rod and ball mills have largely replaced other types of mills for liberating mineral 
particles in middlings ard finely disseminated ores. The feed to these mills may comprise 
middlings from sand jigs and tables or oversize from fine screers, and tailings from tables 
fcr further treatment on tables; all middlings and tailings from jigs and tables, or tailings 
from sand and cleaner jigs only, for further treatment by flotation; or, where no gravity 
concentration is employed, it may consist of the mill feed that has been crushed and, after 
grinding, is subjected to all~flotation treatment. In nearly all instances the discharge is 
classified by drag classifiers, the sands either are returred to the grinding mill or to 
hydraulic classifiers, and the overflow gces to thickeners for subsequent flotation treat-— 
ment, The screen analyses in tables 16 to 19 indicate the fineness of grinding at several 
plants. 


TABLE 135.— Screen analvses of successive crusher products: concentrator F 


Weight, percent 
Gyratory~-crusher |Symons horizontal—|Composite roll feed|Roll dis~ 


Size discharge disk=-crusker dis=- (new feed and dry charge 
(Symons-crusher | charge (new feed screen oversize) 
feed) to rolls vee 

+3.0—inch...... 11.7 - - - 

2.1l-inch...... 19.0 - - - 

1.05—inch.... 29.6 45.5 6.2 - 
.0525—inch 15.0 34.3 11.9 8.9 
3—mesh.......... 9.5 11.3 40.2 55.6 
8—mesh.......... 7.9 4.5 37.1 39.9 
20—mesh......... 3.5 1.6 Qut 5.8 
48—mesh.......... 1.6 8 4 2.6 
200—mesh.......... Lie 7 4 pe f 
-~200—mesh.......... 1.0 1.3 1.2 5.5 
Total........ 100.0 100.0 100.0 100.0 
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TABLE 14.~ Screen analyses of crusher products; concentrator G 


* 
id 


| | Weight, percent 


| Mine-run ore |Blake-crusher |Feed to Symons~|Symons-cone-| Roll 


| crusher) | | |charge (feed |charge 
| | foe eo polish | 
+3,0-inch.. | 18.0 | 2.67 | 1.60 =| - | - 
2.0-inch.. | 6.33 | 6.25 | 14.50 | - | - 
1.0-inch.. | 16.67 =| 11.11 | 45.60 | 18.82 | - 
5—inch.. | 12.33 | 10.67 | 27.40 | 45.88 | 4.7 
4-nesh......| 17.97 | 17.50 | 2.50 | 19.80 | 25.4 
8-mesh...... | 7.30 | 11.20 | 60 | 4.10 | 17.1 
20-mesh...... | 6.90 =| 16.00 | 1.40 | 2.80 | 17.1 
4—mesh......| 4.80 | 8.lo | 1.80 =| 2.30 10.7 
200—mesh...... | 3.50 | 6.80 | 1.50 | 2.10 7.6 
-200~mesh...... | 6.20. | 9.70 | 3.10 | 4.30 _|_17.4 
Totals.....| 100 | 100 | 100 | 100.10 {100 


ee 


TABLE 15.=— Screen analysis of crusher and roll products; concentrator L 


| Weight, percent - 
Size |Gyratory dis-| 
charge (feed |Roll discharge 


|__ to rolls) | 

+2.0—inch...| 16.006 | - 
1.05—inch..| 25.529 | 7.407 
.525=inch| 17.572 | 24.779 
3-mesh.......| 19.758 | 22.842 
8-mesh........| 5.944 | 19.339 
20-mesh........ | 5.561 | 9.547 
48-mesh........| 4.397 | 7.012 
200-mesh........ | 4.006 | 6.813 
~200-mesh........| 1.297 | 2.261 


Table 20 shows some of the conditions under which rod and ball mills are operated. It 
will be noted that at plants where all-flotation is employed the grinding mills are operated 
with a pulp density of 70 to 85 ercent solids. 


steel Consumption 


The consumption of steel balls and rods averages 2 to 3 pounds per ton of ore ground 
and that of the liners 0.4 to 0.5 pound. 


izin nd Classifyin 


Grading of crushed material into different sizes usually is accomplished by trommel 
screens for the coarser jig sizes and by vibrating screens for the finer jig and table sizes. 
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TABLE 16.— Screen ana. 


iyses_of ball—mill products grinding low-grade middlings in 


closed _ circuit with drag classifier; concentrator ¢ 


Weight, p 


ercent 


Size, |Feed to ball !Bai1—mill [Drag Classifier 


mesh_| mili discharge |_Sand_ |Qverflow 
+3... 0.9 - - - 
8 01.4 Rie 1.0 - 

20 27.7 | 6.0 | 5.4 - 
48. Tied 24.8 51.4 _ 
100.. 7.7 32.2 39.0 6.5 
200.. i 14.9 14.3 21.4 
-200.. =) 19.9 SS ae ee are 
Total 100.0 100.0 {100.0 | 100.0 


TABLE 17.— Screen analyses of _rcod-mill products grinding screen oversize and low-grade 
table middlings in open circuit: concentrator F 


= Weight, percent 


Size, | Screen lLow-grade middlings IScreen oversize and low= 
mesh joversize from drag slaeel tier! grade table middlings 


(1) (2) Rod=mill feed; Rod-mill 
_(1)_and_ (2)_ discharge 
+8... 31.6 0.3 8.3 ~ 
20... | 53.9 23.8 39.0 0.5 
48... 5.4 58.5 43.0 43.9 
100.. 1.9 15.3 4.5 19.7 
200.. 1.4 8 1.2 8.7 
-200. |__ 5.8 | 5 | 4.0 27.2 
Total| 100.0 | 99.2 | 100.0 100.0 


TABLE 18.— Screen analvses of rod mil) products prinding mill feed crushed to 
l-inch size _ in closed circuit with drag classifier, concentrator ] 


Weight er t 


Size Rod—mill feed |Classifier feed (Classifier sand |Classifier 
overflow 
+l-inch.... C.7 | 7 | = - 
0.5—inch.. 12.1 ~ - = 
S—mesh...... 37.2 - - - 
6=mesh...... 16.9 - = - 
20—nesh.... 19.6 0.4 C.6 = 
48—mesh.... 8.1 14.5 18.3 pe 
100-mesh.... 2.8 37.7 41.8 25.7 
20C—mesh).. 28.6 30.5 27.7 
) 2.6 
~200—mesh).. 18.8 _______ 8.84 
Total... .... 100.0 100.0 100.0 100.0 
1742 ee 


TABLE 19.— Screen analyses of ball-mill products in closed 
circuit with drag classifier; concentrator L 


| Weight, percent sie 


Size |Ball-mill|Ball-mill |Classifier |Classifier 
| __feed |discharge | sands__|_overflow 
+1.05-inch.| 7.41 | - - | - 
0.525-inch| 24.78 | - | - | - 
3-mesh........| 22.84 | - = | - | - 
S—mesh........ | 19.34 | =~ | - | - 
20-mesh......| 9.55 | 6.8 | 7.0 | - 
48—mesh.......| 7.01 | 32.3 | 38.3 | - 
100-mesh........| 3.90 | 25.4 | 34.4 | 10.89 
200-mesh........| 2.91 | 10.3 | 10.1 | 15.84 
-200-mesh........|__2 26 |__ 25.2. |___ 10.2 —«|__ 73.27 
TOUAL cs cisinz | 100.00 | 100.0 | 100.0 | 100.00 
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TABLE 20.— Operating data of ball and rod mills at various lead and zinc concentrators 


Concen~| 
trator | 


A 


1742 


| Number and | 


1, 6-ft. sa et bed mid- 


22—-in. ball | grade circuit. 
nills. 


| 
7, &ft. by | 
36-in. and | mills in partial 
1, &ft. by | closed circuit with 
22-in. ball | classifier, part of 
mills. | sands returning to 
| 


primary mills and 

| part to 2 secondary 
| | mills. 
| | 22-in. mill for re- 
| | grinding middlings. 


Google 


| 
| 
| mill. | dlings from De Mier 
| | level jig and zinc- 
| | sand middlings from 
| | tables. 
|1, 6-ft. by |Oversize from 2un. 
| 36-inch ball| screen ahead of tab- 
| mill. | les and dewatered 
| | tailings from coarse~ 
| | sand tables. 
1, 8-ft. by |Dewatered middlings 
36—in. and | and tailings from 
3, 6-ft. by | jigs and tables. Low- 


Mill feet to 5 primary |Small percent on 


One &-ft. by | 


|Maximum and min-| Maximum and 


size of |Feed to grinding unit | imum size in 
grinding | | feed, | discharge, 
mill 


[31.6 on 20-mesh, |4.44 on 20- 
3.65 minus 65- | mesh, 40.67 


mesh. minus 65—mesh. 

Max. 1/8—in. 1.7 on 14=mesh, 
17.9 minus 
100-mesh. 


| 
| | 
| | 
| | 
| | 
| | 
| | 
a! 
13.1 on 4-mesh, |0.5 on 4-mesh, 
| 0.1 minus 200~ | 19.9 minus 
| mesh. | 
| | 
| | 
| | 
| | 
| | 
| 
| | 
| | 
| 
| 
| 


200—mesh. 


l in. 


| 
| 
| 
| | 


- 33 = 


|Pulp density 


|minimum size in|of discharge, 


| percent 


—|—__percent____|__percent solid 


70 


70.2 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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TABLE 20.— Operating data of ball and rod _ mills at various lead 


and zine concentrators — Continued 


Number and Maximum and min—| Maximum and Pulp density 
Ccrcen— size of Feed to grinding unit | imum size in [rinimum size iniof discharge, 
trator grinding | | feed, discharge, percent 

mill. | percent, percent solids 
(i, €-ft. Gin. IMil2 feed. Rod mill leg on 1/2-in., |C.4 on 20—mesh, - 
by l2-ft. 1-| in closed circuit 2.6 minus 100—- | 18.8 ninus 
in. rod with classifier. | mesh. | 200~mesh. 
mill. | | 
J 12, 8=-ft. by !Mill feed to tall Minus 1/2-in. 19.75 on 14 75 to 78 
| AQ-in. ball | milis in closed cir- nesh, 37.77 
mills. cuit with classi-~ Minus 2C0— 
fiers. mesh. 
K 3, Seft. by ‘Mill feed to 3 rod Rod mills: [Rod mills: 0.4; 7S to 80 
| 1c-ft. rod | mills in closed cir~- | on l-in., Rar on 14—mesh, | 
| mills and 3 | cuit with classifier. | minus 200-mesh. | 27.2 minus 
| 5-rt. by 10-| Overflow to second | Ball mills: ¢.2| 200-mesh. Bali! 
| ft. ball | classifier in closed | on 14-mesh, mills: 0.2 on | 
mills circuit with 3 ball 11.2 minus 14-mesh, 25.7 | 
mills. 200—mesh. minus 200— 
mesh. 
L 1, &ft. by {Mill feed to ball 7.407 on 1.05— (2.2 on 10~—mesh 7S 
48—-in. and mills in closed cir= | in., 2.261 min—| 25.2 minus 

1, &ft. by | cuit with classifier. | us 200—mesh. 200~mesh. 

36-in. ball | 

mill. 

M 1, &ft. by {Mill feed from fine Minus S=an. | - ~ 
-36—-in. ball | ore bins passes to 
mill. classifier, the sands | 
from which are ground 
in ball mill in 
closed circuit with 
drag belt. 
N 1, 6-ft. by {Mill feed from fine 4.28 on 1/4-in., - 72 
6—-ft. ball ore bin to ball mill | 5.95 minus 20C-| 
mill. in closed circuit mesh. 
with classifier. 
0 3 No. "75" Mill feed to ball 6.0 on l-in., 17.2 on 48 «85 

ball mills. mills in closed cir= | 7.3 minus 2C0=- | mesh, 26.8 

cuit with classifier. | mesh. Minus 2CQ= 
mesh. 
P 1, 6-ft. G-in. [Mill feed from fine [8.1 on 0.742- 11.0 on 20-mesh - 
| by 12-ft. 1-| ore bins to rod mill | in., 5.0 minus | 19.8 minus 
in. rod in closed circuit 200-mesh. 20C—mesh. 
| mill. | with classifier. 
17412 a SA ee 
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TABLE 20.— Operating data of bal]l_ and rod mills at various lead 
and zine concentrators — Continued 


| Circulating | | Consumption of | {Consumption of 
Concentrator |load, percent| Grinding medium |grinding medium |Mill liners, |mill liners per 
| of new feed | |per ton material| composition | ton material 
yas | |_ground, pounds _| |ground, pounds_ 
A |Open circuit. |3-in. forged- | 2.2 |Manganese | - | 
| | steel balls. | | steel. | 
B | Do. | Do. | 2.0 |Titanite | 1.0 
| | | | steel. | 
c | - |Three brands of [Brand A-3.21 [Electric | - 
| | cast-iron balls | Brand B-3.25 | steel and | 
| | in use. | Brand C-2.82 | cast-iron. | 
H | - |[3— and 4-in | 2.19 |Cast-iron. | .4 
| | cast-iron and | | | 
| | steel balls | | | 
I | 300 |Steel | 1.986 [Manganese —_ | 247 
| | | | steel. | 
J | 400 |S-inch "Adaman— | 2.7 | Do. | 21 
| | tine" steel | | | 
| | balls.» | | 
K | - |2.5= to 3.0-in. aed 1.2. Balls| Do. | 21 
| | steel rods (C, | 1 | | 
| | 0.8 to 1.0%). | | | 
| | 2.0— to 2.5-in. | | | 
| | cast chilled = | | | 
| | balis. | : | 
L | 340 |S-in. chrome- | 3.24 |Titanite 71 
| | steel balls. | | | 
M | - |3-in. cast balls. | 3.19 | - | - 
N | 300 |4—in. chrome- | 1.5 |Manganese | - 
| | steel. | | steel. | 
fe) | 400 |4-1/2 in. forged-| 1.8 |Manganese | 3 
| | steel balls. | | steel and | 
| | | | chrome- | 
| | | molybdenum | 
| | a | steel. | 
P | 200 |2.5-in. manga | 2.2 | - | - 
| | nese-chrome | | | 
| | steel rods. | | | 


re a a I a NI a ee 


Vibrating screens are being used more and more in place of trommels. At the concentrators 
studied, classifying of the finer sizes of material is effected by desliming in cone or 
rake classifiers, and the material to be treated on tables is classified in hydraulic classi- 
fiers of the sorting-column type. Since the general adoption of flotation, much greater 
emphasis has been placed on preventing slime losses by proper desliming and thickening 
equipment. 
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Pulp Densities and Fineness of Overflow 


In most plants where grinding units are in closed circuit with rake-type classifiers, 
the classifier overtlow gererally will have a pulp censity of about 25 to 40 percent solids. 
The amount of minus 200—mesh material in the overflow at different plants ranges from 30 to 
&0 percent of the total solids, depending upon the fineress of grinding necessary to liter- 
ate the mineral particles and to effect the desired grades and recoveries of the final pro- 


ducts. 


Gravitv Concentration 


Of the 16 plants studied, 6 employ gravity concentration supplemented by flotation. At 
Z of these, both jigs and tables are used, at 2 jigs only, and at l tables cnly. Jig tail- 
ings are discarded at 3 of these plants, and at 2 the jig tailings are reground and treated 
by flotation. 

The methods of jigging practiced at lead-zine plants are: (1) Concentration of sized 
material and (2), concentration by roughing and cleaning. At concentrator C, tre mill feed 
is crushed to 7 mm. A sized product between 7 mm and 0.135 inch is treated on ore set of 
jigs, and the minus 0.13-inch plus 0.0%25-inch material on another set. A lead product is 
obtained from the first two cells and the middlings and tailings are ground in ball mills 
for further treatment by flotation; fine sands are treated on tables. Grading the mill feed 
into a number of different sizes is practiced at concentrator D. Trommels are used to pro-~ 
duce products of minus 30-mm, 18—-mn, 12-mm, 7~mm, S-mm, and 16-mesh sizes. 

A roughing and cleaning system of jigging is practiced at concentrators A, B, and E. 
The mill feed is crushed to 5/8-inch or less and is deslimed and fed to 6 or 7-cell rougher 
jigs. The hutch products from the first 4 or 5 cells go to a cleaner jig, which produces 
final lead and zine concentrates; and the hutch products from the last rcuzgker cells, the 
rougher=bed middling, and cleaner-jig tailings are reduced in roils and treated in middlinz 
or sand jigs by roughing and cleaning or by cleaning only. 

In table concentration the dewatered fine material from various sources in the jig 
section of concentratcr A is fed to a DeMier level jig. The hutch products from this jig 
go to a battery of 6 tables, while the bed middlings are ground in a ball mill and are ree 
turned to the jig. The tables produce a zinc concentrate, a zinc-lead product which is 
separated on another table, a zinc sand-middling which joins the jig-rked middlings in tke 
ball mill, and tailings which are returned to the DeMier jig. The tailing from the jig is 
discarded. At concentrator C the classified fine sands are treated on tables. The lead 
product from the tables g¢ces to lead bins, and the middlings and tailings are ground in ball 
mills and later treated by flotation. At other plants more elaborate systems of gravity 
concentration are employed. Tables are sometimes used incidentally in all-flotation plants 
as pilot machines to indicate the efficiency of flotation, the cegree of oxidation, or the 
fineness of grinding obtained. 


Flotation 


Many different flow sheets and types of flotation equipment have been employed for con- 
centration of lead and zinc ores. Although certain flotation reagents have Eeccme more or 
less standard for different classes of work, the quantities used varies consicerably in 
different plants. Ccnditioning of the pulp before flotation requires careful study, rot 
cnly to effect the best separation but also to determine tle quantity of reagents necessary 
The flotation wethcds at the several plants studied may be classified as follcws: (1) 
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Treatment of fines collected in thickeners from classifier overflows resulting from dewater-— 
ing gravity—concentration products; (2) treatment of all fine material not included in feed 
to jigs, and middlings and tailings from sand jigs; (3) all fines not included or recovered 
in gravity—concentration units, and reground middlings and tailings from jigs and tables; (4) 
entire mill feed ground and treated by flotation. 

Table 21 gives the screen analyses of flotation feed from grinding units at 14 plants. 

Flotation reagents used to effect differential flotation for producing lead and zinc 
concentrates at 8 plants are given in Table 22. 


Grade of Products and Recoveries 


The grade of lead and zinc concentrates produced and the recoveries obtained at various 
Plants are given in table 23. 


TABLE 21.— Screen analyses of flotation feed from grinding units 


Screen_sizes, mesh 


Concentrator| 35 | 48 | 65 | 100 | 150 | 200 | -200| Total 


(pes ely ie et (eee ae 
A eee 12,51 | 8321/16 215 | cicaee |35.37|37.76| 100.00 
C J. | -3 | 2.2 | 8.4 [11.3 [12.2 [65.6 | 100.00 
D ere eS. [eam AMS: kings |21.0 |70.7 | 100.00 
E [2.7 |......[21.7 [14.4 [10.0 [13.4 [48.8 | 100.00 
F ls rahe shsaes | .8 | 3.4 | 9.6 [10.2 |76.0 | 100.00 
G ines | .21| 1.48] 6.83| 9.41] 9.97|72.10| 100.00 
H Ree ee | .2 | 2.3 | 6.0 [10.1 |81.4 | 100.00 
I J.v[2-2 | 9.0 [14.7 |14.1 [13.6 |47.5 | 100.00 
J [ietsee ee | 5.09| 9.10] 8.86] 8.10/68.85| 100.00 
K | -4 {1.3 | 3.7 | 9.1 | 4.2 |21.2 [60.1 | 100.00 
L eee Tazeaeat | 1.37| 8.22|17.80|26.02|73.98| 100.00 
N Reereer, rere Oeecaees ee a Peer |18.0 |75.0 | 100.00 
0) ita |.......[ 5.13] 4.23| 8.66] 6.11|75.87| 100.00 
P | .93|3.39| 5.73|16.26| 9.35|25.74|38.60| 100.00 
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TASS £2.— Flt ation 52ers used to effect ciffarsntial flotation for 
a pn rd zinc concentrates at various concentrators 


Se a ee ee R t n 

Lead circuit — ! | | 
Sosa aS aides ete ONO: Sot ca: 0.21, 1.466 : 1.5C 0.8¢. | (2) 
Scala £2 ocate eee | -1818 er 
S523 22 6725128 eo @CGi 65 40 0.C60 0.0954 
Zecs S520 3202. OG MOESS. (ne O est OG 250. Te590! came: 
Pine 08g is ones: : fact C7 


Cresylic acid. 1G OT te, BC 05 175 0307 
RO56 20 teccgiee c BOS Berit. casein See. Guacues ee ep ieee 
S0ci ss Kan ee ag: c gteas aortas prebeee BNO: WMO eee eee 
Potessi 2 Rent ne te ck Gateke, W026 cpus agin af Gl. 30259 
PeLOCSt otra 22h wate) a aces me hase Ginogh SOD auaatar, lots 


Parrett Noe Ain ee an ies ods. 200 aendse Oe ee eee ere ee 

Mine Ae Soe lgeadas werste SDA Scie ede oe oA enie tet g 

Lise teres oie en ee ee a Sige TASH ects eoneds 
Zine circzit - 7 | ; | 


Copper sulphate...’ .30. .61. 511.210 | 1 | 
BG screenees ees oe ce : | 3.337 ' 1.90 .20 1.848 | .7956 


Sodium manthate.0!0 sOR AVF seeds gl! bits ares: HOO, Feeetot tee 
Potassium xanthate .......... he ene pee b WOSSO sagan Leese eee ' ,0208 
Barrett No. 4....... i 305 BCS. (218 sesituarg eee: eee Pee aes eee 
Barrett No. 634.000. Draconic apse: sO OMS reeat dated coer 
Aerofloat..c 4} 08, eae D da tesorines peereae Ue escete Ligeise ' 1280 


Grade of products® -. ! 

Lead concts. | 

Lead percent.... 61.3 70.8 75.2 61.06 

Zinc percent........ , 5.0: 6.9 | 5.7 
| 


i 
Zinc concts. | 


—— 
—_—— 
pa = — 
— 
ge ee 


59.9 '58.37 77.21 
| b-@s0° VST SAT itt. 
| a ore | 

| 1.17 | 2.55! 1.81| 1.63 Piet 
151.20 147.60 54.77 54.45 155.88 


5.71 


> 


3 13.9 | 2.7 
Zinc rercent.. 46.7 51.3 '56.8 


. 
qaqawn—|=asns —wHre™=s -— «1 wep 


ares 


ie 


ladded to mica circuit ahead of lead circuit. 

2aaced when alkalinity falls too low. 

These are average graces over definite periods, whereas the use of re— 
agents indicated cay have cteen modified during these feriocs. 
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TABLE 25.— Average zrade of concentrates and recoveries at various concentrators treating lead and zine ores 
| Heads | Method of |___ tesa concentrates | j D 
Concen-| assay concen= | Assay, percent | Recoveries, | Assay, percent | Recoveries, 


| 
trator | percent |__-tration | ——nercent |__| 
| | 


eal eee [fen [Gravity ay [oc eee eee eee eee earns eaten 197 59.2) ss!w Vienctinie 
| | | ftotation. | a a a ce {1.90[59.72] | | 
BS: dea! [a7] 6.35{ doar [one ALO 592 Wirt 5068 ore ante .36/61.50]......... |... |58.3)84.3 
| | | | .07|59.20 | 26.0) 

c | 4.29[10.42] 1.55| Do. ay_—‘|-24.21[58.19| 3.13|89.70|89.12|32.15| 5.90 |3.77|47.37| 1.05/0.28|23.29 2 
| | (Gravity 3/ | 27.09|52.02| 3.5 |s3.8 |a5.4 |e3.4] | 

p | 4.77| 8.7] 2.24 flotation, | 34.6 [61.3 | 5.0 |a9.5 [93.2 [33.3 fio.a [9.3 |46.7 | 4.7 [2.6 [55.5 
| | | a tails| 31.4 [46.0 | 4.0 [90.2 [90.1 |6s.¢ | a a er 

ah ee [| 2-9 [oravity, flotae| nce Batre ee tee eenres (ewe ener [cece | 60019] cecoefeceee [90.25 
es es I ot | 

F | eer nent | 3.5 | 0.2 |cravity 4/ | 1.2 | 75.89 .5) Total lead recovery between 96 and 97 percent; table con- 
| | | | flotation | 1.9 |73.03 2.4) |centrates constitute about 52 percent of total output. 

c | 4.32|10.95| 2.79[Fiotation. | 27.2 |70.8 | 6.9 [e8.9 [o1.5 [35.1 | 5.3 |3.9 [51.3 | 3.7 [2.0 |55.0 

H 3.4|9.0|65]| do. | 24.9 [74.2 | 5.8 [ei.a fou.o | 9.7 | 4.8 [2.8 [56.2 14.2 [3.2 |e5.7 

r | 9.09] 6.21] 5.01] Do. | so.19|61.06] 5.71|53.61|95.46/11.08|30.86 |1.17|51.2 |z6.81|1.48/80.76 

dy | 9.4a| 5.95| 4.14] Do. | e7.10|59.9 | 4.0 |65.4 |71.3 | 6.8 [14.28 |2.55[47.6 | 9.5 |2.7 |72.4 

1 | 13.0 |12.36] 1.65] Do. | 32.05|33.43| 2.12|77.26/92.14|40.19]......... ee Mere reer nee: [aera 

u | 8.17| 5.13| 5.98] Do. | 74.02/57.05|10.06|75.49]92.59|14.02|12.4 |2.79|52.36|11.92|4.25|68.29 

n | 1.155] 1.99] 9.93] Do. | 25.22|58.57|11.57|62.95|81.66]..........| 1.78 [2.81 ]54.77].........[.......[90.69 

o | 3.37| 4.93]15.41] do. | 19.98]37.81|13.47|63.43|81.97| 9.35] 3.05 |1.63[54.45[21.73|7.91|B4.64 

a eee | a.5 [a1.6| — Do. eee [53.05 [00 [ (89.02 [ Pee [eee [55.88 || ef 8D. 


l/ Jigs and tables. 
@/ Based on mill feed. 
3/ Jigs only. 
4/ Tables only. 
Power Consumption 


The distribution of power consumed per ton of ore treated at various concentrators is 

presented in table 24. 
Labor 

The number of men required to operate a concentrator varies considerably. In general, 
a plant treating 5,000 tons per day will require a much smaller number of men proportionately 
than a plant treating only 500 tons. Table 25 indicates the labor distribution at seven 
concentrators of different capacities in terms of man-hours per ton and of tons treated per 
man, and. Table 26 shows the over-all milling cost in terms of man-hours per ton at 116 
plants treating lead and Zinc ores. 


Milling Costs 


Milling costs per ton of ore treated at a number of plants are given in table 27. The 
method of keeping costs at different plants varies, so that it is usually difficult to pre- 
sent cost data covering several plants operated by different companies in a single table in 
which the separate cost items are in complete accord. Milling costs per pound of lead and 
zinc metals at various concentrators are given in table 28. 
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TABLE 24.— Distributi 


|Concentrator B|Concentrator F|Concentrator I|Concentrator J |Concentrator K 
Item | |Percent | |Percent | |Percent | |Percent | |Percent 
|Kw.hr.| of |Kw.hr.| of |Kw.hr.| of (|Kw.hr.| of |Kw.hr.| of 
ener eae |_total | |_total |___. |_total | |_total | |_total_ 
Crushing. .............. | 1.86| 15.1] 3.4| 20.4| 2.682| 8.6] 1.77| 7.4| 71.51| 5.57 
Elevating............. | 3.26, 26.4]... eee We aguetatins eee -_ aera: eee aisenins. Dictetetares ‘ 
Grinding................ | 2.01] 16.3] 4.0| 24.0|11.174| 36.0|) | | 9.15] 33.79 
| | } | | | J)i5.e4| 65.9, | 
Classification....|............ Pigeons ee \pedaects Seer Ionatisese ee |) | eaeeace Nicenatest 
Screening.............. eetuaiten! Lead i hi steciiak eer: eer | Astestes, Vetaestes tes lie atieely fees | aanionecs: 
Conveying.............. eee ree eee eee ao ieecheeaes aes eee eee aati) GA 
Jigging..... | 0.79| eS eee eee bynes [Perecererne | Srrrer en [aati lasenete easteeieeass 
Tabling.....0............ | 0.43,| 3.5] 12.7{ 10.2|00.. eoorernrer: [arsed he eee eer | .25| .92 
Flotation.............. | 1.22] 9.9| 4.6] 27.5/11.514| 37.0] 4.85] 20.2| 8.24] 30.40 
Dewatering | | | | | 
Concts. ener Idiageedsentice eee leaisteteda | 4.111] 13.2] 0.39] 1.6] .59] 2.18 
Pumping... | 2.76] 22.4]... Peer? (ours estcenee \eitattees a Vaectebasien | 6.15] 22.71 
Water supply........]...0.0..... iets I Ol” RIOT seeiaat he omesee \caaieate licnastiess, | .72| 3.66 
Tailings dis- | | | | } | } | ; | 
posal... eee: ee 9 B.S], eres (enerrreces ener eee eee 
Miscellaneous... |... |. | .6| 1.609, 5.2] 1.19] 4.9| %.48] 1.77 
Total... | 12.33] 100.0] 16.7| 100.0(31. all 100.0| 24. * 100. ‘ 27. “sl 100.00 
IIncludes conveying. 
2Loading of concentrates. 
*'Thickeners. 
TABLE 24.— bution of powe umed da 
nc = n 
|Concentrator L|Concentrator M|Concentrator 0|Concentrator P 
Item | |Percent | |Percent | |Percent | |Percent 
|Kw.hr.| of |Kw.hr.| of |Kw.hr.| of |Kw.hr.| of 
| |-total | |_total | |_total 
oh ht: |e Go) cee nee ee ere eee | 1.935, 3.78] 46.05] 22.33]... Wissel staan |°41.17| 53.96 
BLO V at OB cet cc hice oiaseepessiatrdns tebteacacess oarecaeaghiea leben Wehasirtcreshs | aiseedectel \istectotraper| iaoneenetltheauscsal: 
GEA MG Sg rectal ede ntecee di cetecg eel |19.180| 37.48]) | |°10.96| 35.08] 4.74| 6.21 
|) 9.95| 34.94| | | 
Clases [10a tlon isch inticenencaes. | .214| .42|) | leoceetatet each relies |) | 
SO TOG re reed secre eet beens eee: eke. eseotaitatees bcsteetas etre |) 8.20| 10.74 
Convey lie isiseceasaieindeie cued FAeGTU |. Sel S)) snicsecsiel, eee eee eee |) | 
OE -d Uc) aR enn ene nee erent renee | peaererer ea eene. Vsescitad eee eres Saetaicee eaeetionces: aaa 
TAbLING oscsadniavsacam@chadenas lara eer Sone eee | 2.08| 6.66]... [eapeeeea tie 


Ce a a 


PE ER TTS ETE EPCOS IIS Te, 


4tncludes screening. 
Scrushers and rolls. 
Scrushing not included as ore is crushed at mine to 1-1/2~inch size. 
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TABLE 24.— Distribution of power consumed per ton of ore treated at 
various concentrators ~— Continued 


|Concentrator L|Concentrator M|Concentrator 0 |Concentrator P 


Item | |Percent | |Percent | |Percent | |Percent 

|Kwehr.| of |Kw.hr.| of |Kw.hr.| of |Kw.hr.| of 

|_total | |_total | |_total | total 
Flotation nsec inne autumn |16.050| 31.36| 7.94] 27.96] 11.73| 37.53| 19.61| 5.70 
Dewatering concts. 0... | 4.890| 9.56] 1.73| 6.10| 2.34] 7.49]... | seseottees 
PUMp ANG se seis joist aaah decd ee PS TGO) DNAS | icstect Eee bscestineuece ee eer acaleets 
Water SUDDIY wncuncncaeeeuny eee [eevee tin |. 1.90) “62711 1565|. 95229) o.os.0%, (eee 
Tailings disposal... | .319| 62) 85] 2.96]... eee | .86] 1.13 
Miscellaneous. s.s:cycoriacuncuers eel: 324 38 jain eee | *2.48] 7.95]. ceaceonel 
TOO ate aN raaau oar tcter [51.170] 100.00] 28.42| 100.00| 31.24] ee 76.30| 100.00 


7Control and mill sampling 0.712 kw. hr. 
’Thickening, sampling, lighting, and laboratory. 


TABLE 25.— Distribution of labor, man—hour per ton treated and tons per 8-hour shift 
| Concentrator B | Concentrator F 
| 40 tons per hour | 208 tons per hour 
Item |Man-hour |Tons per |Percent |Man—-hour |Tons per |Percent 


|per ton | 8-hour | of |per ton | 8-hour | of 
|__|_shift |_total |_|_eshirt |_total 


SOm tie tachics ar cceatensse Se ee) ae ee eo ae eee isid Pests. eee acral atlases 
Cris WAR Byseneiccanien conten tines orenttentune see | 0.0374, 214 | 9.1] 0.0235| 340| 22.0 
Grind in Gientis hickciitentlntven esiowigae ent | .0187| 428 | 4.5| .0141| 567| 13.25 
Classification, screening, and con— | | | | | 
VOY INS co fs ek elie aan: | .0187| 428 | 4.5]o ances Udeepeaatoiss 
Concentration: Gravity... ee | *.1496| 53.5 | 36.4] °.0141| °567| 13.25 
Plotationidrieijcinctianes: | .0748| 107 | 18.2] .0094| g50| 8.8 
Dewatering concentrates... | .0374| 214 | 9.1] *.0047| 71,700| 4.4 
Weighing and loading............cccceecceceeeeee: (erence | csineaahescteaes leeeaamiciaele: panes lGieores peer 
nor U1 2 bY: an oe eer eg ee eee rene castorate: Leese Laibar | .0047| 1,700| 4.4 
Tailings disposal.................... Peeeane J) 2OST4) 214. fo Oa bisccteuestidee | erature ferent 
Maintenances. <..455i0 hie een reer eee inceeieua | 0283 | 283| 26.6 
Supervision............. shar eatotasteaet: Tdeme senna [Beene sees Eeeeraes ere | .0078| 1,020] 7.3 
NSSOV IGE ine crn ean teen he usenc crete Atesaawlets lias eeeci I caamemiehae ference: [Reeeeerees 
WaroNOUS6 is cea eee eee Lepeueeees pteiaee! eae ee eee Tpshs esate wt eer 
POWO si pessd epeictortraisetesictiaras testes b $0894) “204 I “Oa occaeae eee se etanee 
Miscellaneous... eee Weseceemtt te ee ie varassaens ie tcerugevaue | gee ede eee 
| 
DO el iatye ition res eee | 4114 ‘icéa aaa 1066 | is 100.00 


IRepairs included in the different items. 
2Jigs and tables. 

‘Table concentration. 

4Includes loading. 
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TABLE 25.~— Distribution of labor, man-hour per_ton treated and 
tons per S-hour shift — Continued 


| Concentrator H | Concentrator I 
|_.__50 tons per hour. ._|____17 tons per hour. ___ 
Item |Man-hour |Tons per!Percent |Man—hour|Tons per |Percent 
lper ton | S-hour | of |per ton | &hour ! of 
ee ese, |_shift.!_total |______|_sbirt | total 
SOCLING op naam ac gauaei naaeas eae boise: amine ere 
Crushing. ... ..... hitasio i, Seer tinlak eh nobeithetie | 0.114] 70 | 21.4] 0.1015! 78.79] 16.5 
GYAN css uteruaia vere watts wiees |, “oie! B70: | “Rival 40768]! 104.14) “12-5 
Classification, screening, and con- | | | | | | 
VOU INE icigich castorate sevechita--2aestee | eo ee ee er es mere et 
Concentration’ Gravity... ee | al ode ti He ante diganay ais | | 


Flotation... cose. vee | 2761 45.5] 33.01.0763] 104,341 12.5 
5 


Dewatering concentrates................/  .030| 267 | 8.6! .o768! 104.14! 12 
Weighing and loading... wo fe efi ce eee | .{ 0512] 156.221 8.35 
SOM LANG cist: sth raeiaensat ith aurdeidd cides ea eee | S.o256| §312.431 4.2 
Tailings disposal. ow... wu... | Wace hastens eee | .0512| 156.21] 8.35 
Ma UN COMAN CO ciinisie gaits acta ths o-onate wtaade Mees ensures \eaeeroiedes dd endmnteen | .0512] 156.21] 8.35 
DUPOPV IS ON osc uiioceasnssc cacsacroguncn perenne eWeied. te eiedaiew ewes), £0250). Sleuke|- ie 
Assaying... 0... Fis Cite samen settee, i led crower | amaninan lie hieul get) Ao6cet |, °6255 
WATCHOUSO > .ccosasiptintasih yniliwticaces Unattniniaiel eupiee » | Side lacie |), 40256) Bleeds) Ave 
POWG Set sete vinta dh ac ini she os ennui tae ane seagate i, cevadeanece ere eee ce rere ae 
MISCELLANOOUS cay 5h eecinccs tex! aidinaien Bakeaehinel S099 BL. WBE lisp css ae feces sree k & 
i ee ae 
DGG sheik ase. hate pitsecg tu ware cadens 533| 15 ; 100.0] .61%5| 13 | 100.00 


‘Includes classifying. 
“Includes mixing reagents, 


TABLE 25.— Distribution of labor, man—-hour per ton treated and 
tons_per S-hour shift — Continued | 


Concentrator J | Concentrator L | Concentrator P 
13_tons per hour 7 tons per hour. | 20_to 25 tons per hour 
Item Man—hour |Tons per [Percent (Man-hour /Tons per |Percent Man-hour |Tons per |Fercent 
per ton | &hour of ‘per ton | 8hour of tper ton | 8=hour of 
_shift | total shift. |_total. __shift |_total 
Sorting............ 0.027! 296 Bi Oils Suis coptiemen | wrageud a teahaeie Venah uaeeeitata’| ndeaestese as ioumlataahachs Papabantgeks 
Crushing......... .047| 170 13.9! 0.1040 77.0! 11.5] 0.0955! 83.8! 31.4 
Grinding......... .078; 102.6 23.1! 0925 80.4 | 11.0 0579 | 138.2, 13.0 
Classifica— | 
tion, | 
screening, 
and convey-— | 
GTO nti sees sea cede caesar aac | capac eas ated eS idee atedep sf cdlaana pa Reade Leas eo lL paaoena se 0222 360 TO 
Concentration 
Ey snes ic osoye cet Wooten tee, ae Th tetas Mactan, edge states ects eens eaten | eae oncltet the Seeeasenens 
Flotation. ....: .097 62.5 | 28.7 -35125 | 20.6 34.5 . 1067 | 75 won 


oe RS 
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TABLE 25.— Distribution of labor, man—hour per ton treated and 


ton er hour shift — Continued 
| Concentrator J | Concentrator L | Concentrator P 


| 13_tons per hour | 7 tons per hour | 20 to 25 tons per hour 


|Man-hour |Tons per|Percent |Man-hour |Tons per|Percent |Man-hour |Tons per |Percent 


Item 
[per ton | &hour | of |per ton | S-hour | of |per ton | 8-hour | of 
|_-shift |_total | |—shift |_total | |_shift |_total 
Dewatering | | | 
concentrates| °0.022| ®3¢4 | 6.5| 0.0994{ 80.5] 112.0]... eae le ettcnce 
Weighing and | | | | | | | | | 
loading.......... letpessaicanta lke deg Dciasiscbiete, eee eae eer gage iaeegt) ae Be eens 
Samp LNB ars ais) tetuoaaieate | cassie etary | .0957| 83.6] 20.6). eee eee 
Tailings dis—| | | | | | | | 
posal. ww... bearaessauesaeene eagdeieenaned: Eapesaue: | .0762| 104.9] 8.4| 0.0222; 360 | 7.3 
Maintenance....|........... .. L iedeteosat setae Ie uemnanesdee: Laced eee Helelesosrssaig Detedeseee goss oe 
Supervision....|.0.0..0.0.0. rere eee eevee ere eer [eeerrenes lees Soins pense 
Assaying.......... ee eee lesbos aera i ae seetcan leaeeancias See eee eee 
Warehouse. ......|..0.....05. [etna eee fore ern eer anaes ee | cies beos 
Power... steele setae acne asa eae emer ate i euatatcne (eee i setae neste Perererenen fe nneeegeacses 
Miscellaneous| .067| 119.4 | 19.8] .1180; 67.7/ 13.0]... iapeaseoree: I acta dvaet 
| al ee eens ane See marie oa 
Total.....|  .338| 23.7 | 100.0] .9053; 8.83] 100.0] .3045| 26.3] 100.0 


‘Includes mixing reagents. 


TABLE 26.— Over-—all milling costs in terms of man—hour per ton and tons per man-shift 


1742 


Number of | |Principal metal| Average |Average 
mills re-|Total tons milled| produced |tons per |man-hour 
porting | | ___ |man-shift |per_ton 
i ene | 7,359,063 | Lead | 33.170 | 0.2412 
19s cochiersese | 2,630,082 | ‘Zine | 213.135 | .6091 

| 


SS icici 31 7,957,868 | Zinc and lead | 121.437 | .3739 


ISome mills reported 10-hour mill shifts; figures from these 
mills have been adjusted to an &-hour-shift basis. 
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TABLE 27.- Milling costs per ton of _ ore treated at various concentrators 


| Concentrator B | Concentrator C | Concentrator F 
|Period: Aug... Sept. Oct..1929|_____Period: Year 1929. _____|Period:_year_1929 
Item | lSupplies | | | |Supplies| =| 


| Labor | and !Power |Total [Labor | and [Power | Total | Total costs 
eee Senn (25 | Oe eee See OR 
DOR AUG ttl sien ee [ae anata [eseaiséda cman tee! lence aeran’| esac naces oat ances leben eotaenain Gide 
Crushing....| $0.014! $0.049!$0.023/$0.086|$0.035| $0.034|$0.0?7| *$0.096| $0.0€71 


Grinding. 0.00. ....| .054| .024| .078| .019| .109| .045| = .173| .0532 
Elevating | | | | | | | | | 
and con— | | | | | | | | 
veying.... | 014| 012| .039| .065!..0 ww. | ee eer | 2/0119 
Screening | | | | | | | | | 
and class-| | | | | | | | 
ifying ...... Peers eee eer hace: | .o19| O23] S006 |! °F 1048 | octets Gh tated cate: 
Jigging.... | 052 | oo2| .010| .064| .055! 042| .041| 138 | 0634 
Tabling.... | 039 | 015| .005| .059/ .010| 010| .011| 031 | eee 
Flotation... | 036 | 039| .015| .090| .066| 135| .032| 233 .O773 
Dewatering | | | | | | | | | 
concen— | | | | | | | | | 
URS tents ales ewe | acta estas te tare sae wis eertecae teatime | ‘0288 
Disposal of| | rf ob 4 Poof 
Cad PANES issiae a hs casee cua aia cabigeel aneapbae te ace | ine eae Pas og nese if) 4 0045 
Water sup~ | | en | | | 
o) i ae ioc sataas i OOAT OSS), 20ST lev stch alata eg uctcnned lw aiocomeorpul aac 0306 
PUMPING iat 1 hea lacus bees lect tea Mahe ctn el acta pinerca | austecuateay ll eteecetan 5 0044 
OWS ciaccat sil ts teresa Sereda yeasty liters rae einer dltaacitaul A il Radingatten, a |Get Wekeettataen oaks 
Sampling. ....]......... |... ae ie | rere oak hee init eas eer ee 
Assaying. ...|.......... | S018) cares: iso) eee an Creer ora ener eceerrs Uremeratecrn rere 
Ma SCENE MCG ore syed atten: [inset Aste estes tctuestcnge tf deme dastia| nace easel teat han (ised (Serer seers eee ero 
Supervision |... [oo fe Ps Seeiyae ls ee (eens ere ree (ere 
Miscellan— | | eee | | | 
COUS.... epee | 007 |... LOOT | reictnas i ciieiceces b aeeasecets econ ee eee 
Overhead... .. |... eniaeuitd lateness Loca aes eee lostetaneh tai Sty ae WOOO leant teresa a 
ee Se ee ce 
Total.....|  .155| .200| .149| .504| .204| .353| .162| 1.078| 3412 


_—_ - 


1Includes conveying. 

*Tramming crushed ore to concentrator. 
3Screening only. 

4Includes drying. 

‘pumping slimes to flotation plant. 
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TABLE 27.— Milling costs per ton of ore treated at various concentrators — Continued 


| Concentrator G [Concentrator H | Concentrator J 
| Period: Year 1920 |Summarized_ave. | Period: March 1930 
Item | |Supplies | | | | |Supplies | 
Labor | and |Power |Total | Total costs |Labor | and |Power |Total 
i |__misc | | | _____|__misc__| 
SORTING ores uanets eae eae aseismic a, Deerreoeer coy |$0.017| $0.001]...... .... |#0.018 
Crushing. ........... 1$0 037 |..............]$0.017 [90.054 | $0.060 | .035|  .021/¢0.023| .079 
Grinding............ | .070| $0.210] .131] .411| 130 | .054| = .181| .210| °.445 
Elevating and | | | | | | | 
conveying.......... eee vaeancenes |(Paeee Ueeeees | 020 | ictouene | ede eaten b scdasentess here. 
Screening and | | | | | | | | | 
classifying......|... | | ee | .020 eee eee ae | Sade Hodges 
Jigging... eee |. ee ees eee le iets et pitts tease adekre ceeenechcaet Eaves eset 
TAD LING crates, lei eataty eee ieee: lowetae! ee ee I cored ts: Ve detecot estat Cee Lge saat 
Flotation........| .058;  .120| .114| .292| 742 | .073| 365| .064| .502 
Dewatering con-| | | | | | | | | 
centrates........|  .018]. 0.0.0... | .013] .031| 7,020 | .015| om1| .0C5| .0221 
Disposal of | | Poof | | | | | 
tailings............ aaah apa tea oe leactey eee ee er ee oe ee ewe? 
Water supply.....| .009]............. | .007| .016| SOTO he, nag-aatc aoe lederes Wiese: 
Pumping............... eee eres Pashia lechthieace | FOZ O: lisictie angi | ibes tadieieis ainauaterae eevsers 
POWEL..... cece oe. aoe Soeeere Gea eee | 7214 [Eee earn ren eect eee 
Sampling. ........... fs OOS teceiteaicn 2OOR|-- OOS | ca apenirtmomastnicviid <lhedrctadte ii Pearabnasl let eeashes, [aiantt 
Assaying... .......... Peer gate Pee iscas ae fig seneusahiece eta oe eee | react c ea eee Hee Aetees 
Maintenance........ rere a iccnee tastes Pere Loaee | £090) las hevtes eee i epee reer: 
Supervision........ [> 4045) watstealte saat || OSS ss Posh ects ell cite bacaae denen a eaten haute sencoee 
Miscellaneous...| .023| .030|.......... | °.053| red SO" hy. 6030) 151| .016|*?.217 
acai a seen ene es eee : : ee 
Total. ........ | .261| .360| .284] .905| 1.012 | .244| .720| .318| 1.282 


6 Includes classifying. 

’ Filters and thickeners. 

8 Plant maintenance and repair shops. 

° Includes $0.013 for heating. 

1%Includes $0.01 for launders, $0.02 for transmission, $0.01 for lubrication, $0.02 for 
loacing, $0.04 for lighting and heating, and $0.01 for change room. 

11General mill expense. 
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TABLE 27.— Milling costs per ton of ore treated at various concentrators — Continued 
| Concentrator L | Concentrator M IConcentrator N 
| Period: Year 1929 | Period: Oct. 1, |Period: Sept., 
Item | a | 1929 Ap. 1, 1930 |___ Oct. 1929__ 
| |Supplies | | | |Supplies | | 
| Labor | and | Power | Total | Labor | and | Power | Total | Total costs 
aaa eee | | |-siac_| |-- | ____—_- 
Sorting..|............] .. le ey eerees | Nema ed Wrens peers | 0.0472 
Crushing |$0. 0854| $0. 0183/|¢0. ae 1732 |$0. a $0. pon Bog 0765 | 12g0. 3212 | .1110 
Grinding | 0778 | .1830| .19%8| .4546| .0233| .1029| .1958| 13.2520] 3553 
Elevat- | | | | | | | | | 
ing and| | | | | | | | | 
convey-| | | | | | | | | 
ts) cee Cee eee eer eee eerreererne | errno pase eres ieee ear tee 
Screen— | | | | | | | | | 
ing and| | | | , ! | 
classi -_| | | | | | | | | 
fying...|  .00531.. IE GOORS LOOPS sc.cce as 3 actcctnes Sel reeinidy oe eee ay ane ee 
Jigging..o0 0. ee ere eee eee Saks aus: ass Les tiga Ss aches Sek 
Tabling..| sl recta cep as ranted anastasia ae iat lneentee tll ee. ee a ee 
Flota- | | | | | | | | 
tion......| .2299! 1.2652] .1621| 1.6572] .1347| —.3631| 1003 | 981 | . 5262 
Dewater- | | | | | | | | 
ing | | | | | | | | 
concen- | | | | | | | | | 
trates..| .0993| .0195| .0494/ .1682! .0204/ 0080! .o2z19|  — .0503| 14,0817 
Disposal | | | | | | | | | 
cf | | | | | | | | 
teil | | | | | | | | 
ings.....| .0535| .0054| .0032| .0621| .0408| 0110] 0105] 06238 |. 
Rater | | | | | | 
supply..|.........|  .2540/.........] .2540] .0506| 0008] .0241| .0755].... 
Pumping. ccna eaaale en dalon dea och cedm [ane aeets Ue anaes Sl eeeacedle iene selnees 
POWER ices xoese | ees ti Secscec tall Solemean petite Race aane. | snus tate dele esse at caste AN dort 
Sampling| .0742! .014%| .0072| .0957]........ a eee re eee | Serres ee 
Assaying|..... ..... wie pATMO sescortessijy we QO lctne coders bint dian atts face whet S| aberrant .1114 
Mainte | | | | | | | | | 
nance... | vgn Uacchayed awa, ansese itu) Satteisd tata | hceti Pe Pe) ee ee ee oa leet, 
Super= | | | | | | | | | 
vision.. | ee a ee rer i ere ener I cieeeitanpaea | eit 
Miscel- | | | | a | | | 
laneous| .1049| .0389| .0796| .22%4] .1675| .6751|.........| *°.8426] — 0731 
GV NGA chic) uae cettoiand ds | crtneveectiedcoseeesereeee ineceustade [erica pesiteiin | ad Geataydd cate oat eae 16 2447 
srecia ae aerials | caei aaa aaa ciiaa cari aa (Ca aaa aaa aces 
Total... | oie 1.9696| .5170| 3 .2169| .5866| 1.2563 .3591|  2.2070| 1.5506 


127ncludes screening. 

13tncludes classifying. 

14Filters and thickeners. 

157ncoludes assaying, overhead, shop, and operation of pumping plant and pipe line from 
river when used. 

l6General expense. 
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TABLE 27.— Milling costs per ton of ore treated at various concentretors — Continued 


~= as —— — ee 


hen GP ite EE 4 REP 


Concentrator 0 
___Period: Year 1930 


© omepes.~. ) eee Rat an a 


Tter [Supplies | | 
labor | and | Power | Total 
ee eee AE eR Osco. ee Ree Ee 
Crushing. . soto sl ceidincaaede Le 
Grinding .. . .. 180 0500 $0. 1546/80. 0670 |80. 2716 


Flevating ena conveying... 


| 
| 
| 
| 
ee 
ORANG aie ct ak 2-8 Winies teen 5 aoe on ae exes oe | eet Petes 
ee 
| 
Screening and classifying | 
| 
| 


Jigging ... ww. o., Sette ath. Dalle ack ile ce 
Tabling, Dees | .02261 © .0028! 0128] 082 
Flotation, aiciteckid tow!’ «llS7| «8970| 20725) «5200 
Dewatering concentrates...| .0202| .0035| .0161/!7.0398 
Disposal of tailings........ | .0002] .00ce]. .......] .0008 
Water supply... 2.0... | .0003| eke: 20537 
Pun HE ran nes cdiin died bitin, cil eaeen iar | ome! 
Be He ice aqetineenaaeresnatveliesapseselt wawneis \eeay ane 
AID EER, saceetasies eras d seiiee th | .01241 .c022 0059 0205 
Assaying. . | : 0595 1... 1.0595 
Maintenance... ee! ee stg “dll 
SUPeTVISIONGicoreityiadeee! GOBSB\: «O00 |e ited | 0895 
Miscellaneous...............1  .0201| .0468]........... 178.0669 
OvGreds ih mua ge cede aha AOPOE |S ater | 19.0293 
ee, . 3303 | pas .1843| 1.1898 


17Includes thickening. 

18Tncludes $0.0071 for heating, $0.018 for mil] clean-up, 
$0.03? for experimental work, $0.004 for lubrication, 
and $0.0045 for lighting. 

19Royalties. 


TABLE 28.—Milling costs per pound of combined lead and zinc metals at various concentrators 


een OD Ge, 2 Eek 2g OEE Eee Oy A oy Eee = a 


Se 2 EE eee Ca Ga 


| |Tons of| Tons of | Tons of |Pounds of lead|Pounds of zinc|Pounds of 


Concen-| Period | ore |lead con= |zinc con— | in lead | in zinc | combined 
trator | covered |milled |centrates |centrates | concentrates | concentrates | lead and 
= Se produced_|_produced |e renee ee | |__zine _ 
B |Aug., Sept.,| 24, 49 | 2,192 | 72,520 | 2; 673,176 | 2,745,696 
| Oct. 1929 | | | | 
C |Year 1929 1/451, 111] 72,002.56| 3,448.19| 83,796,579 | 3,266,815 187,063,394 
Cc |Year 1931? 460, 366| 85,542 | 4,256 | 98,252,071 | 4,642,383 [92,895,454 
E Year 1929 [624,759]... sil PRT SS Nai reuhcedinecad | HB, 666,740" [62 666,740 
G |Year 1930 | 97,447| 12,244 | 2,073 | 16,676,328 | 2,139,336 |18,715,€84 


IBunker Hill & Sullivan Mining & Concentrating Co., Forty-Fourth Annual Report, for Year 
Ended Dec. 31, 1931. 
*Calculated. 
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TABLE 28.~ Milling costs per pound of combined lead and zinc metals at 
various concentrators ~ Continued 


Tons of | Tons of Tons of |Pounds of lead|Pounds of zinc |Pounds of 

Concen— Period ore j|lead con—- jzinc con- in lead in zine combined 

trator covered j|milled !centrates lcentrates concentrates | concentrates lead and 

produced_|_produced_ zinc 
H Year 1930 561,372! 39,833 36,008 09,112,172 40,472,992 |99,585,164 
J March 1930 9,930 703.5 625 842,793 595,000 ! 1,437,793 
L Year 1929 O7,834! 11,852.7 Joo, TORE (LO. Vicloottvntoctceiase ns 7,924,715 
M Oct. 1, 1929] 41,246; 3,435 3,215 3,919,335 5,566,748 | 7,286,083 
to 
Apr. 1, 19350 
N Sept., Oct. 9,222 255.2 1,465.8 297,920 1,605,637 |! 1,903,557 
1929 . 


0 l¥ear 1930 |151,943/716,244 |%36,4c6.6 | 12,283,715 | 39,645,584 [51,929,299 


*Calculated. 


TABLE 28.— Milling costs per pound of combined lead and zinc metals at 
various concentrators — Continued 


Total Cost per 

Concen-| cost of pound of Remarks 

trator milling combined 

lead_& zinc 

B $12,586.90; $0.00458 {No precious metals. 

C 486 , 297 .66 .00558 jLead concentrates contained 24.11 oz. Ag per ton and zinc 
concentrates 5.9 oz. Ag per ton, a total of 1,756,671 oz. 
Ag in combined concentrates. 

C 384,098.47 .00414 'Lead concentrates contained 19.95 oz. Ag per ton and zinc 
concentrates 4.36 oz. Ag per ton, a total of 1,726,295 oz. 
Ag in combined concentrates. 

E me .00653 '!No precious metals. 


G 88,189.54 00471 [Lead concentrates contained 350.7 oz. Ag per ton and zinc 
concentrates 5.6 oz. Ag per ton, a total of 587,500 oz. Ag 
in combined concentrates. 

00373 j;Lead concentrates contained 24.9 oz. Ag per ton and zinc 
concentrates 4.8 oz. Ag per ton, a total of 1,164,68C oz. 
in combined concentrates. 

00886 jLead concentrates contained 87.1 0Z. Ag per ton and zinc 
concentrates 14.28 oz. Ag per ton, a total of 70,20C oz. in 
combined concentrates. 

Lead concentrates contained 0.255 oz. Au and 32.C5 oz. Ag 


H 371,851.79 


J 12,730.26 


121,708.19 .01536 


| per ton, a total of 2666.86 oz. Au and 579,879 cz. Ag. 

M | 90,823.69 01246 Lead concentrates contained 0.674 oz. Au and 74.02 oz. Ag 
| per ton and zinc concentrates 0.07 oz. Au and 12.4 oz. Ag 
| a total of 2,504.25 oz. Au and 294,125 oz. Ag. 
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TABLE 22.— Milling costs per pound of comtineji_ lead and zinc metals at 
various concentrators _- Continued 


SD Ee 20 ©, Ce ee Sie Ce ESD CE EERE oR ee GD . oc 


SGnGEEEEEEEG 2. eG > 6 EEE S2te® SFG GEES HH OEE a Ge? -Cear- aeEiatGss Gere Es 4 @ 


| Total | Cost per | br 
Concen-| cost of | pound of | Renarks 
trator | milling | combined | 
See _llead & zinc] ere ee Pears Te ere eee ROE 
N | 14,299. 63 | 00752 [Lead concentrates contained 25.22 oz. Ag per ton and 3.68 


| | | percent Cu. and zinc concentrates 1.78 oz. Ag per ton and 

| ! | 1.55 percent Cu, a total of 9,045 oz. Ag and 64,223 lb. Cu. 
0 |180,781.82!  .00%48 |Lead concentrates contained 0.768 oz. Au, 19.98 oz. Ag per 

| | | ton, and 4.02 percent Cu, and zinc cencentrates 0.036 oz. 

| | | Au and 3.05 oz. Ag, per ton and 1.0 percent Cu, a total of 

| | | 13,783.8 oz. Au, 435,693 oz. Ap, and 2,034,004 Ib. Cu. 


Costs_of nd Miiling 


Coste of the various separate ope: rations connected with the mining and milling of lead 
and zinc ores have beon presented in the preceding pages, together with summaries cf mining 
and of milling costs at a number of properties. In only a few instances were doller costs 
of both mining and milling available for the same prcperty. 

However, data were available at a large number of properties for the year 19350, from 
which could be calculated the man-hours per ton and tons per man-shift for both mining and 
rilling These data are summarized in table 29, the figures being weighted averages in each 
instance. Labor usualy accounts for about 60 percent of the total mining cost and for 20 
to 40 percent of the total milling cost. 

Except for the data in tabie 28, the costs presented in this paper have been costs per 
ton of ore mined or milled. 

Since the value of an ore is based upon the quantity and value of the metal recoverable 
therefrom. costs per unit of metal for the various operations involved in its production 
would have greater significance than costs per ton cf ore. Unfortunately, data upon which 
costs can be computed on this basis are very limited, since few companies publish costs in 
sufficient detail for this purpose. Table 30 presents operating costs per pound of lead and 
zinc contained in concentrates and (or) direct shipping ore, for mining, milling, general 
expense, plant depreciation, and taxes. These have been computed from published annual re— 
ports of the companies. For the sake of simplicity and uniformity, the costs are based on 
only the lead contained in lead concentrates or the zinc in zine concentrates, disregarding 
lead in zinc concentrates and zine in lead concentrates. Also, no account is taken of the 
value of precious metals, which in some instances may provide a large revenue and, if credit- 
ed against the cost cf the base metals, would reduce the tabulated costs materially. 


TABLE 29.— Costs of mining and_ milling in terms of tons per _man-shift and man-hours per. ton 


wee om CRnemm Sones tow 


—_— Dea eewtee @ 2@ « SPR OC OC EES 602 GED oa (62 ews. Gaerwe aempe. + 6 aazawas 


Gh iPOD ow 


oo sQqutbeep @ @Se808@ @ e8@er Ge 


Number of | | | | | 


| 6,547,219 |Lead and |4.524 | 21.464] 20.595|3.162|1.7693| .372e8| .3e84|2.5295 
| zine | | | — , | 


83 


mines and |Total tons|Principal!_____Tons per _man-shift _ __|____ Man-hovrs_per_ton ____ 
mills re~ | | metal |Under~ISurface| Mill |Total|Under-|Surface| Mill |Total 
__-porting |__|. iground|__ |_| ground! I 
13 | 7.211,115| Lead |9.030 | 75.439! 33.314|6. 494 (0. e859| 0.1060|0.2401 11.232 
19 | 2,630,082| Zinc |5.1396| 29.149|'13.135/3.278|1.5564| .2744| 6091 |2. 440 
| 
| 


ISome mines reported 10-hour mill shifts; figures from these mines have been adjusted to an 
&hour shift basis. 
1742 - 49 - 


Google 


I.C 6776. 


TABLE 30.- Operating costs per pound lead and zinc ‘not including smelting) 


eS $A eS EES TS ES eb Pee eat. 


| | | | |______cont net coup combined lead apd.zinc 
| lLead in lead | Zine in zino | Combined | Mining | [waning | Ceneral lDeprecia-| 
Company ly.ar| concentrates concentrates | laad and | and lwit1ing! and | expense. | tion and | Total 
| | rounds | pounds | zins pounds | develog- | mi22 12g! loval | foaeral | 
eee kee eee pe eee arene —_|_ment_ | _ltazes. ote. nS ae ee 
Bunker Hill andlissi] 88,253 o71| 4,642 3e3|1/92,805,454| $0.0171|$0.0041|$0.0z12|zncluded in|.............]¢0.0212 
Sullivan | | | | | | | | nining 41 | 
| | | | | | | sitting | 
Hecla l1931] 47.893. 419] 758,322|2/48 651.7411 .0132137.0025| .0157| — $0.0¢41 | 0198 
Tintic Standara|1931| 4/27,986, 298] 0. ccc sue | 27.986, 298| saa! .0033|  .0247| ..... 40. <0.00191 0268 
Silver King [1931| 25 685,406| 12,297,036|5/38.017.974|... ... : 1.0301] .o019 | ~—op09| —_oz29 
Coalition | |__6/40.5z0| | | “ | | | | 
| 25,725,936] | | | | | 
Park-Utah |1930! 28,040,599] 34. 073,606|7/62,114,205| .ozis/a/. 30 .0020 | _ 0267 
Treadwell-Yukon|1931|  8,287.978| 5. 994, 946|9/14, 282.924). ||. ie 0230 
Tibo, Nev | | | | | | | = | : 
Tri-State dis- |1930|21/72,767,200|12/473,350,000] $46,138,000)... 0b af 0389] 137.0087 | 147.0043] 0269 
triot wor || | | fo. 4 | | 


a/ 209.400 lb. Pe in Zn concentrates, 5,284,804 lb. zinc, the Pb concentrates not included; 1,725.733 oz. ag produced 
also, 

2/ Pb in ore instead of in concentrates. Ore contained 2,995.39 oz. Au, 1,991,745 oz. ag, and 424,754 lb. Cu. 

=/ Pb in lease ore 

4/ 390,924 1b. lead in Zn concentrates, 793,010 1b. Cu, 2,203 47 oz. Au. and 1,531,236 oz Ag not included. 

S/ Milling and ore expense. 

§/ Total Pb and Zn content; contained also 804,957 lb. Cu, 17,679 oz. Au, and 1,598,963 oz. Ag. 

7/ Includes metal in direct smelting ore. Concentrates and smelting ore oontained 1,271,869 oz. Ag. 

8/ Milling and ore haulage. 

9/ Concentrates couteined 922.59 oz. au and 652,177 oz. ag. 

10/Preliminary figures. Tri~State Lead ana Zins Producers association. 

iL/Eetimated from preliminary figuros of Tri-State lead end Zine Producers Associaticn, assuming 80 rercent lead in 
lead concentrates. 

12/Estimated on assumption zino concentrates average 60 percent Zu. 

iz/Includes taxes excluding income tax, insurance and royalty uf $0 0026 per pound. 

14/Cepreciation and depletion. 
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